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I.—Jean-Servais Stas, and the Measurement of the Relative Masses of 
By J. W. Matter, F.R.S., Professor of Chemistry in the University 


A meetING of the Chemical Society for the purpose of doing honour 
to the memory of Stas is a fitting expression of the admiration of 


At the desire of the Council of the Society conveyed by a letter 
from our Senior Secretary last summer, the writer of this paper 
undertook to prepare a notice of the investigations on the atomic 
masses of the elements, which will always remain most intimately 
associated with the name of the distinguished Belgian chemist—whose 
death, in ripe old age, was announced a year ago—and, in connection 
with his work, to review the general history and present state of our 
knowledge in regard to these most important of chemical constants. 

Few chemists have better deserved than he to be held in honour by 
an assembly of chemists. Not for his contributions to descriptive 
chemistry in the discovery and examination of new substances, nor for 

* Chemical Society’s Memorial Lectures, No. 1. Compare Chemical Society's 


Proceedings, 1892, 203, where the discussion which took place on the occasion of 
the delivery of the lecture is reported. The original of the appended letter was 
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his eminence as a teacher or a writer, nor for his practical applications 
of knowledge to the affairs of human life, is he chiefly remembered— 
though in all these directions his services claim honourable record in 
the history of our science—but especially wi!l those who themselves 
cultivate this science ever think of him as the man who, with untiring 
patience and clear-sighted power of ‘investigation, worked on for 
years upon the foundation stones of quantitative chemistry, thinking 
no pains too great, no toil too severe, that could render more accurate 
the results which others might take and trust as the basis of their 
researches—however little the greater part of mankind might feel 
interest in, or even know of, his quietly pursued investigations. 

The simple story of his life has been gracefully told* by him who 
four months later was himself to be taken from among the living—by 
the great chemist for whom Germany and England are united in 
personal sorrow, and to whose pen we owe like biographies, clear, 
instructive and elegant, written in former ‘years, of Dumas and 
Wurtz, Liebig and Wohler, Kopp and Will. 

Born at Louvain on the 2ist of August, 1813, Stas, on growing up 
to manhood, had to make his own way in the world, entered upon and 
completed a course of study with a view to becoming a physician, and 
graduated as Doctor of Medicine, but does not seem to have long, if 
at all, pursued the practice of his profession. In association with his 
friend L. G. de Koninck he undertook, without access to any regularly 
equipped laboratory, in the attic of his father’s house,+ in 1835, the 
investigation of a crystallizable substance,. phloridzin, which they 
extracted from the bark of the root of the apple tree, and this early 
research seems to have indicated or developed the taste for chemistry 
which determined the course of his after life. It also led to his 
attempt to secure a position in the laboratory of Dumas in Paris, one 
of the very few places in Europe where at that time practical 
instruction in chemistry, and the resources of a well equipped 
laboratory, were to be found. Evidence of the earnestness with which 


* Berichte d. deutsch. chem. Gesellschaft, 25° Jahrg., No. 1, 8.1. Other 
sketches of the life of Stas have also been published, as, for instance, in the Revue de 
Belgique, 15 Février, 1892 (by Prof. L. Errera of the University of Brusseis), in 
the number of “ Nature” for May 26, 1892, p. 81, and in the Journal of the 
American Chemical Society (of which he was an honorary member) for September, 
1892, p. 173, the last of these written by Prof. Edw. W. Morley. The latest 
memoir to appear, and doubtless that in which biographical details of most 
authority are to be found, is the “ Notice sur la vie et les travaux de Jean-Servais 
Stas,” prepared for the Academy of Belgium by Prof. W. Spring of Lidge. 

+ Prof. Errera was informed by Stas himeelf that he made with his own hands 
the balance used in this early research, The knife edges were of steel, the index 
was of glass, fastened on by means of sealing wax: The materials, all together, did 


not cost more than 5 francs, but the balance was accurate to a milligramme. 
{ ¢ 
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the young Belgian songht entrance among the pupils of Dumas is’ 
furnished by the amusing anecdote of his repeated calls at the house, 
and efforts to ohtain speech with the busy teacher, met each time by 
a maid servant’s stereotyped “ not at home,” until at last, tired of his 
importunity, or interested by’ his eagerness, she once more gave 
the. usual answer in a Joud. voice, but, indicated by a. significant 
gesture of her finger the door of the room in which her 
master was to be found, and allowed Stas to make his. way in by 
himself. Accepted as a student by Dumas, the young Belgian chemist 
set to work upon the phloridzin he had brought with him, made some 
analyses of it, and examined a number of its reactions. Though he 
did not establish the formula which is now accepted for this substance, 
he proved that on boiling with dilute acids it splits up into phloretin 
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J. and glucose, and thus added another member to the then small, but 


now extensive, list of glucosides, to which salicin had recently been 
shown to belong by Piria, at that time also working as a pupil of 
Dumas. This first research made in Paris. was noticed by Berzelius 
in his Rapport annuel sur les progrés de la chimie. with praise and a 
prediction of future eminence for the author. 

Soon afterwards Dumas and Stas together worked upon the reaction 
of a mixture of potash and lime upon various alcohols, ethers and 
esters of the fatty scries, producing salts of formic, acetic and 
valerianic acids from the corresponding alcohols, establishing the 
identity of .valerianic acid so obtained with that occurring free in 
the natural oil of valerian, confirming the views of Cahours and 
Dumas as to the true chemical nature of the amy! alcohol of fusel oil, 
preparing from it the corresponding aldehyde, and distinguishing 
acetone as not. belonging to the class of alcohols. 

The relation between the fatty alcohols and acids was also exhibited 
in reference to ethal or cetyl alcohol from spermaceti. 

In the same year Dumas and Stas also began together the important 
re-determination of the atomic mass of carbon which became the 
starting point of the. long train of research which Stas made. so 
peculiarly his own. The fact having been noticed,. by Liebig and 
others as well as by Dumas, that in analyses of hydrocarbons rich in 
carbon—made -by the combustion ‘process, and free from all known 
sourees of ertor—it not seldom oecurred that the sum of the carbon’ 
and hydrogen found, as calculated from the carbon didéxidé and water 
weighed, was greater than the quantity of the material analyzed, 
Dumas became conyinced that the accepted views of the com position 
of carbon dioxide, or water, or both, must involve some error in regard 
to the relative weights of the elements concerned: The high and 
highly deserved reputation of Berzelius for accuracy, never before 
surpassed in quantitative determinations, demanded extraordinary 
B2 
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care on the part of any one who should call in question the numbers 
accepted on his authority, viz. :— 
On the hydrogen standard. 
C:,0 = 76482: 200 or 12246 : 32042 
H: O = 12°484: 100 % 2: 16:021* 


Unprecedented care, and the most elaborate precautions, were taken 
in the re-investigation of these ratios, that of carbon to oxygen in 
carbon dioxide by Dumas and Stas, and that of hydrogen to oxygen 
in water by the former, assisted by the latter in the preliminary part 
of the work. To determine the composition of carbon dioxide, carbon, 
taken in the several forms of graphite, natural and artificial, 
and in that. of diamond, was burned in a porcelain tube in a 
current of purified and dried oxygen gas, and the carbon dioxide 
formed was absorbed by caustic potash and weighed, due account 
being taken of any ash left as a residue of the combustion. A number 
of carefully repeated experiments, affording closely accordant results, 
gave the mean value C = 74956 if O = 100; or 75-005, if the experi- 
ments with diamond carbon alone were ronseaieing as the investigators 
inclined to place most confidence in these. 

Soon after the completion of this research (in 1840) Stas left Paris, 
and returned to his own country to take up the duties of the professor- 
ship of chemistry in the Ecole Royale Militaire at Brussels. In this 
position he lived and worked for more than a quarter of a century, 
receiving but a small salary, which was after a number of years 
increased on his petition (“with a view to the prosecution of his 
scientific work”) by but the scanty sum of 200 francs a year—an 
increase which he declined to accept. He was finally, by an affection 
of the larynx and bronchial tubes which impeded his utterance, 
obliged to give up lecturing, and to offer his resignation before the 
end of the thirty years of service which would have entitled him to a 
pension.f He was then given a position in connection with the 
mint, as Commissaire des monnaies in the Treasury department of the 
Belgian Government, but did not long hold this office, as his sense of 
duty to the public forced him to actively oppose a project for coining a 


* The wonderful accuracy of Berzelius’ work generally is illustrated by thé fact 
that this number becomes 15°894—almost exactly agreeing with the latest detér- 
minations of the present day—if the weighings of Dulong and Berzelius’ three 
experiments on the synthesis of water be corrected for the buoyancy of the air, 
this correction not having been applied by these chemists themselves. (Letter 
from Dr. Clark read at meeting of Chemical Society, Nov. 16th, 1841—Phil, 
Mag. [3], 20, 341.) 

+ His name appears in the Comptes rendus of the French. Academy of Scieiaces 
for the 22nd of September, 1845, as “professeur a T Ecole sy <agencanie de 
Bruzelles, * 
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large amount of silver—as a speculation based upon the greatly reduced 
real value of the metal—and on the scheme being carried, as a result of 
a change in the Ministry in 1872, he at once resigned. He continued 
to live in Brussels to the end of his life, unmarried, and with simple 
surroundings, in the house No. 13, Rue de Joncker, in the Faubourg 
Saint-Gilles. 

He was called to fill sundry honorary offices, becoming Vice- 
President of the Council of Public Health, Technical adviser of the 
National Bank, Permanent member of the Administrative Council of 
the University of Brussels, President of the Geological Map Com- 
mission, and of the Observatory Commission, Member of the 
Commission of Hygiene, and of the Statistical Bureau, an active 
Member of the International Committee of Weights and Measures, 
and a Member of one of the juries of the London International 
Exhibition of 1862. He received civic honours in various forms, 
being made Grand Officer of the Order of Leopold of Belgium, and 
of the French Legion of Houour, and a Knight of several other 
European orders. 

In the world of science also he received numerous proofs of esteem 
and admiration—he was President of the Academy of Sciences of 
Belgium, a Corresponding Member of the French Academy of 
Sciences, a Foreign Member of the Royal Society of London, an 
Honorary Member of this Society and of the German Chemical 
Society—and of many other of the principal scientific societies of the 
world—he received honorary degrees from several Universities, anil 
on various occasions medals were presented to him, notably the Davy 
Medal of the Royal Society in 1885, and in 1891 a medal struck to 
commemorate the fiftieth anniversary of his becoming a Member of 
the Royal Academy of Sciences of Brussels, this latter bearing as 
motto the not ungraceful play upon words—Servatus Stas et usque 
in memoria stabis. 

On the occasion of this celebration of his scientific jubilee he 
- received numerous addresses of congratulation, and a discourse upon 
his life and work was delivered by Professor W. Spring, who has, 
with M. Depaire, undertaken the task of preparing for publication 
the large mass of scientific material for further papers which Stas left 
behind him in manuscript. 

By his independence of thought and boldness of utterance Stas 
incurred the enmity of the “ clerical party ” of Belgium, the journals 
representing which assailed him violently for the stand he took in 
behalf of freedom of investigation and freedom from church control 
in public teaching. The shadow of governmental disapproval was 
in some measure cast upon him by aspersions in the Belgian 
Chambers from the lips of members of the Ministry. But he was 
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amply sustained by the hearty approval of general public opinion iu 
his native land. 

Stas was “‘libéral et libre-penseur,” even materialist in his views; 
he lived, died and desired to be buried outside the pale of the 
Catholic Church, yet was esteemed by and on terms of friendship 
with prominent men of the opposite camp, such as Montalembert, 
Father Secchi, Thonissen, Victor Jacobs, the canons Gilson and 
Van Weddingen, Mgr. Deheselle, Bishop of Namur, and many others. 

He was strongly independent in character, yet he was the personal 
friend of some men high in political and social position, notably of 
the late Dom Pedro, Emperor of Brazil, and of Prince Jerdme 
Bonaparte, the latter of whom he used to call upon at the Palais 
Royal when, during the period of the Second Empire, he happened 
to be at Paris. 

He was always ready with kindly encouragement and help for 
young men entering upon a scientific career, and quietly befriended 
many such, though he never allowed personal considerations to 
influence him to the detriment of the higher interests of science and 
his country. He rendered many services to those whom he liked, 
but men who knew him personally agree that towards those who 
incurred his displeasure he was merciless,—‘ pour Jes intrigants et 
les demi-savants il était terrible.” He did not readily accept the 
newer theories of modern chemistry, and indeed used to take 
pleasure in ridiculing some of them until a few years before his 
death, but it has been remarked with truth that he rendered one 
great service to the progress of the newer chemistry by the part 
he heartily took in helping forward Kekulé in the earlier years of 
his career. 

He died on the 13th of December, 1891, and was followed to the 
grave by those who best knew him, with admiration for the faithful 
votary of science, and esteem for the personal worth of the upright 
man, who in all things had set before him as his chief aims truth and 
the freedom that the truth can give. 

During the long period, more than half a century, of Stas’ life in 
Bruasels—a life of quiet, steady intellectual labour, not untroubled 
by worldly care—he carried out valuable researches in other directions 
than that of his specially-chosen investigation of atomic weights. 
In the domain of pure chemistry, he reported in 1842 to the French 
Academy of Sciences—at the same meeting at which was communi- 
cated Dumas’ classic paper on the composition of water—the results 
of repeated analyses of atmospheric air made at Brussels for com- 
parison with the results of similar analyses which had been recently 
made at Paris by Dumas and Boussingault. In the Royal Society's 
Catalogue of Scientific Papers there is noted the appearance in 
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1843 of a report by Stas and de Hemptinne on a memoir by Melsens 
in regard to the action of sulphuric acid on acetic acid. In 1847 
he published in the Annales de Chimie et de Physique a paper on 
the properties and composition of acetal, which had been first 
prepared by Dobereiner and afterwards examined in an imperfectly 
purified condition by Liebig—Stas indicated a new method of 
preparation and the means of properly purifying the substance, 
made good analyses of it, determined its vapour density, and 
correctly established its molecular formula. In 1850 he sent to the 
French Academy of Sciences a note on the substances detected by 
him in the amniotic and allantoic fluids of different animals, a line 
of research which he does not seem to have followed up further, 

In applied chemistry his work wasimportant and marked by accuracy 
and thoroughness. In 1845 he sent to the Academy of Sciences at 
Paris a paper on the disease then affecting the potatoe crop in 
Belgium, in which he gave the results of his experiments on the 
chemical condition of the diseased tubers in comparison with those 
apparently healthy. In November, 1850, Count Hippolyte de 
Bocarmé murdered his brother-in-law, Gustave Fougnies, by the 
forcible administration of nicotine, which the criminal had learned 
to prepare, and had actually prepared for the purpose, The trial, 
in the following year, of the Count, and of his wife as accessory to 
the murder, excited great attention, both on account of the social 
prominence of the accused and the unusual form of the crime. Stas 
furnished clear and important evidence as to the identity of the 
poison used, and, in connection with his investigation of the case, 
devised the well-known general method for the detection of vegetable 
alkaloids in cases of poisoning which is commonly referred to by his 
name in association with that of Otto, who afterwards suggested 
some modifications of it. For a report on the chemical section of 
the London International Exhibition of 1862, Stas examined the 
relative advantages of the older method of decomposing the fats by 
lime saponification, and the newer practice of using sulphuric acid 
to decompose such materials, and indicated the superiority of the 
latter process for the purpose of the manufacturer of candles, In 
the years 1877 to 1879, as a Member of the Oumité international des 
poids et mesures, he took an active part, along with H. Sainte- 
Claire Deville, in the investigation of the properties of the metals 
of the platinum group, and the preliminary work relating to the 
production of the great ingots of iridio-platinum to be used in 
making the new international standards. It appears also that. he 
conducted for the Belgian Government important investigations in 
regard to alloys for use in the construction of artillery, but the results 
have not been given to the public, 
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The great work of Stas’ life, however—that ou which he freely 
spent his time, his thought, his painstaking labour and no small 
share of his not too abundant private means—was, as has been said, 
the investigation of the atomic masses or weights of a number of 
the more important chemical elements. This work he entered upon 
as an independent study soon after his settlement in Brussels, 
apparently about 1842 or 1843, led to it by his interest in the share 
he had already taken in determining with Dumas the atomic weight 
of carbon, and by the desire expressed by his great master, as 
well as felt by himself, to apply methods of similar accuracy to 
a revision of the long-trusted numbers of Berzelius, and thus to lay 
the foundation securely for a discussion of any general principles 
connecting thése constants, particularly the supposed multiple relation 
of all other atomic weights to that of hydrogen which had originated 
with Prout in the early part of the century. 

In order to fairly consider the contributions to knowledge in this 
direction which we owe to Stas, it may be allowable to notice briefly 
the succession of fundamental ideas which have gradually led up to 
the question—What is the mass (or, less accurately expressed, the 
weight) of an atom of a particular chemical element ? 

In the first place matter ewxists of different kinds, recognizable by 
difference in properties when examined under the same conditions. This 
must have been noticed as soon as external nature became, even in the 
most general way, the subject of human observation. 

Some masses of matter are homogeneous, or of the same kind throughout ; 
others are heterogeneous, or of different kinds in different parts of the mass. 
Examples of fairly homogeneous or pure materials, such as gold, 
copper, water, and common salt, must have occasionally been in men’s 
hands in prehistoric times, and a moderately long list of such 
substances, identified by recognized properties, and distinguished hy 
special names, can be quoted from the days of Indian, Egyptian, 
Greek and Roman civilization. This list was no little added to by 
the labours of the middle age alchemists. For ages, however, 
numerous mixtures or impure substances, were referred to and 
described on the same footing with pure materials, and substances 
altogether free from admixture were so seldom obtained that varia- 
bility, to a greater or less extent, rather than invariability of 
properties seemed to be the rule in nature. Even in our own day 
how many men talk and think of glass, steel and other materials 
of variable properties as if they were homogeneous forms of matter. 
The retarding influence upon the progress of true knowledge exerted 
by confusion of thought in regard to pure substances and mixtures 
was very great. Even in and beyond the days of Cavendish and 
Priestly, when quantitative experiments began to be much attended 
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to, the fact that atmospheric air was found of constant, or nearly 
constant, composition, was long a stumbling block in the way of clear 
distinction between a homogeneous compound and a uniform mixture. 
Another fruitful source of obscurity in early chemical thought was 
the long prevalent confusion between the constituents and the pro- 
perties of any given substance, confusion evinced by the terms 
sulphur, mercury, spirit, as used by alchemistic writers, and phlogis- 
ton later on, applied to things supposed to exist in or to be separable 
from the forms of matter under discussion. On this confusion, along 
with that in regard to pure and mixed substances, depended in large 
measure the early and long held belief in the transmutation of 
metals. 

All the parts of a homogeneous or pure substance erhibit the same pro- 
perties, and behave in the same way, when placed under the same 
external conditions. Although difference in properties or behaviour 
had in early times been often used to separate mixtures, and to 
isolate from them particular constituents, as in the distillation of 
strong alcohol from wine and the separation of silver from lead by 
cupellation, it seems to have been felt that these differences were 
rather of degree than of kind, and even so late as the first part of the 
eighteenth century the idea does not seem to have been quite clearly 
held and generally adopted that substances could be obtained which 
would no longer exhibit any such difference, bat would show them- 
selves invariable in properties and behaviour under the same con- 
ditions. Experiments that nowadays seem but laboriously useless, 
like Boerhave’s thirty times repeated distillation of mercury, were 
valuable proofs of the truth in question. 

Strictly homogeneous or pure substances are observed to become 
changed into new substances, with new properties, and these changes may 
be proved to depend on the union of forms of matter previously existing 
as distinct, or the separation of distinct substances from a previons 
condition of union—in a word, on combination or decomposition. 
Among the earliest chemists to grasp the idea of the continued 
existence of matter as to its mass, but with change of properties, 
seems to have been van Helmont, who clearly recognized copper and 
silver as present in solutions uf their salts though these were quite 
unlike the metals themselves in properties. The term “ spagiric 
art,” applied to chemistry in the sixteenth century, to the latter part 
of which van Helmont belonged, indicated an appreciation of 
chemical change as due to combinations and decompositions, and this 
notion, coupled with that of the continued existence of matter though 
changed in character, substituted a true idea of transmutation for the 
older and looser one. 

' Pure substances, after having undergone chemical chanye, may be 
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recovered, qualitatively and quantitatively the same as they were at first, 
by a reverse process of change. To the labours of van Helmont, Boyle 
and Boerhave much credit is due for gradual advance toward the 
doctrine of the “ conservation of matter ””—many others of the earlier 
chemists added something to the evidence leading up to this truth— 
the discoveries of Black and Cavendish brought it further into view. 
But it assumed its due importance, and began to receive universal 
recognition with the constant appeal to the balance which Lavoisier 
made, and taught others to make. 

Certain substances have resisted all attempts to decompose them, and 
in the present state of our knowledge are recognized as CHEMICAL 
ELEMENTS, or the simplest distinct forms of matier. Robert Boyle, 
in the middle of the seventeenth century, set forth this idea in a 
much more definite form than had presented itself to the earlier 
chemists, some of whom seem, however, to have had occasional 
glimpses of it; but it was first stated by Lavoisier, more than 
a hundred years later, with the peculiar intelligence and clearness 
which characterized his mode of thinking on chemical subjects. 
By the same line of reasoning wherewith he reversed the older 
way of looking at combustion, which the advocates of phlogis- 
ton had insisted on, he rendered clear the distinction between 
substances or kinds of matter and their properties, required the mass 
of reacting substances to be constantly kept in view, and gave the 
true grounds for distinguishing between elements and compounds. 
He said—‘ If we apply the term elements or principles of bodies, to 
express our idea of the last point which analysis is capable of reach- 
ing, we must admit, as elements, all the substances into which we are 
able to reduce bodies by decomposition, Not that we are entitled to 
affirm, that these substances which we consider as simple, may not 
themselves be compounded of two, or even of a greater number of 
more simple principles; but since these principles cannot be separa- 
ted, or rather since we have not hitherto discovered the means of 
separating them, they act with regard to us as simple substances, and 
we ought never to suppose them compounded until experiment and 
observation have proved them to be so.” The brilliant researches of 
Davy, “proving by experiment and observation” the compound 
nature of the alkalis and earths, and:the evidence which he brought 
forward to establish the elementary character of chlorine, probably 
contributed more than anything else to permanently fix, in the early 
part of the present century, in the minds of all chemists the distinc. 
tion, and the means of discriminating, between elements and 
compounds. 

These elements, as also the compounds to which they give rise, com- 
bine with each other only in certain fixed proportions by weight. 
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With the more general use of the balance in the’ investigation of 
chemical changes, which attended the overthrow of the phlogisiic 
theory, came a comparison of the quantities of different ‘substances, 
at first chiefly the then known acids and bases, which would enter 
into combination with each other. In the establishment of the fact 
that such combination, unlike mere mixture, always. requires the 
use of the same substances in the same proportion by weight in 
order to form thé same homogeneous product, the names of Wenzel, 
Richter, Fischer and Proust deserve prominent mention. Especially 
important was the discovery by Wenzel and Richter that, when two 
neutral salts mutually decompose each other, both the two resulting 
salts are also neutral, so that the quantities of the constituents which 
replace each other are “equivalent ” each to the other. This showed 
the possibility of determining by experiment the several quantities of 
a number of different acids which would neutralize a fixed amount of 
a single base, then the several quantities of a number of bases which 
would neutralize a fixed amount of a single acid, and from the results 
of these experiments deducing the relative quantities of any acid and 
any base in the list which would just satisfy each other in combina- 
tion. The views of Berthollet, in regard to the influence upon 
combining proportions of the larger or smaller masses of the several 
substances presented to each other for reaction, have, with a different 
interpretation, received in much later times the recognition due to the 
real importance of the facts he. studied, but in his own day they 
exerted a retarding influence upon the spread of the doctrine of com- 
bination in definite proportions, 

In different compounds consisting of the same constituents, for a fixed 
quantity of one constituent the different quantities of another constituent 
bear to each other a simple multiple or sub-multiple relation. That 
this is true in certain cases had been observed by Proust, in the 
course of his controversy with Berthollet as to the fixedness of 
combining proportions, and probably the cases instanced may have 
contributed to the impression made on Dalton’s mind by his own 
observations on the different proportions in which carbon was known 
to unite with hydrogen and with oxygen respectively, but to the 
latter belongs without dispute the honour of announcing the principle 
as a general one, and of basing upon it a true chemical “ atomic 
theory ” of the nature of matter, substituting a definite theory which 
could be tested by quantitative experiment for the more or less vague 
and speculative ideas in regard to atoms which had come down from 
Leukippos and Lucretius, from Boyle and from Boscovich. A little 
later, Wollaston and Thomson supplied additional evidence in support 
of the “law of multiples” by experiments on the neutral and acid 
carbonates and oxalates. Y xi plots 
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By rationally founded supposition we may assume each pure substance 
to be made up of minute particles, of uniform and constant mass, in which 
particles reside all properties of the substance save those (such as physical 
state—solid, liquid or gaseous—and crystalline structure) which depend 
upon cohesion. In putting forth for the first time in fully published 
form* his new views of the relation to chemical facts of a corpus- 
cular theory of matter, Dalton used the term “ ultimate particles,” 
and distinguished between a “compound particle” and the “simple 
elementary particles” of which it consists. In reference to compound 
substances Berzelius employed the term “compound atom,” and 
Thomson the term “ integrant particle.” Avogadro distinguished 
“ molécules intéyrantes” and “ molécules élémentaires.” Much credit 
belongs to Laurent at a much later day for rendering common the 
use of the word “ molecule” to signify an ultimate particle of any 
substance, elementary or compound, in which the identity of the 
substance is retained, and for clearly distinguishing between the 
molecule and its constituent atoms, the latter similar to each other 
in the case of an element, dissimilar in that of a compound. _ 

The relation between the weights of the different constituent elements 
in a compound represents the relation between the weights of the larger or 
smaller aggregates of atums of the several different kinds which muke up 
the molecule. The determination of the relative combining weights of 
the various elements calls for the application, with the greatest 
possible accuracy, of the processes of chemical analysis. To a large 
extent the development and improvement of these processes were in 
the early years of the present century brought about by the patient 
and intelligent efforts of Berzelius to ascertain the combining weights 
of the elements. With apparatus in many respects inferior to that 


* John Dalton—a new system of Chemical Philosophy, Part I., Manchester, — 
1808, p. 213. Dr. Thos. Thomson recorded in his journal the 26th August, 1804, 
as the date on which he heard privately from Dalton a statement of his views. 
Dalton’s preface indicates that “In 1803, he was gradually led to those primary 
laws, which seem to obtain in regard to heat, and to chemical combinations, and 
which it is the object of the present work to exhibit and elucidate. A brief outline 
of them was first publicly given the ensuing winter in a course of lectures on 
Natural Philosophy, at the Royal Institution in London, and was left for 
publication in the Journals of the Institution; but he is not informed whether 
that was done.” 

+ Berzelius began work in this direction in 1807, his attention having been 
attracted by Richter’s investigations, but soon afterwards he became acquainted 
with Dalton’s new atomic theory of the nature of combination, and appears to 
have been at once impressed with its great importance, and at the same time with 
the need of more exact experimental data for its support and development. His 
“ Essai sur la théorie des proportions chimiques” is said to have been published 
in Swedish in 1814, in French in 1819, and in German translation in 1820. In an 
article, in Thomson’s Annals of Philox phy, Vol. I1., July to December, 1813, 
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of the present day, and with scarcely any aid from chemical menu- 
facturers in preparing pure materials and reagents, but with 
unsurpassed manipulative skill, and the most honest criticism of 
his own work and endeavour to improve its accuracy, he produced 
the first fairly trustworthy list of numbers representing the pro- 
portions by weight in which the elements combine. Many other 
chemists have since worked in the same field, but the most worthy 
snecessor of Berzelius in such labours has unquestionably been Stas. 
With greatly better resources in the way both of apparatus and 
material, with equal earnestness in seeking for the truth, with equal 
intelligence and skill, he took up the task which became that of the 
largest part of his scientific life, and for a more limited list of 
elements than Berzelius had investigated produced results of a 
degree of accuracy which, it is high praise to say, would have 
delighted no one more than Berzelius himself, could he have known 
of them and of the methods by which they were reached. 
_SOf the mass (or weight) of a single molecule of a compound can be 
ascertained, in terms of the mass of an atom of some particular element 
adopted as the unit of measurement, and the relative masses of the 
aggregates of atoms of the different constituents be deduced from the combining 
weights of these constituents, it needs only that the number of atoms going 
to make up each such aggregate be ascertained in order to learn the mass 
(or weight) of each elementary atom in terms of the unit adopted, 
Dalton at first adopted purely conjectural rules in regard to the 
nambers of atoms combining with each other, thus :— 

“1. When‘only-one combination of two bodies can be obtained, it 


entitled ‘‘ Essay on the Cause of Chemical Proportions”—an article which does 
not seem to have been much noticed, and which it would be interesting to compare 
with the Swedish Essay of 1814—-Berzelius thus expresses himself (pp. 453, 454)— 
“As far as I know the English chemists Dalton, Davy, and Young, are the only 
persons who have yet attempted to make these determimations; and they have 
proceeded in a manner somewhat different. Mr. Dalton, to whom the honour of 
the first attempt is due, has endeavoured to determine the relative weights both 
of simple and compound atoms. (New System of Chemical Philosophy.) Davy, 
though he has not adopted the atomic theory of Dalton, has embraced the doctrine 
of definite proportions; and what Dalton calls an atom, he calls a proportion. 
(Elements of Chemical Philosophy.) Dr. Young, in his Introduction to Medical 
Literature, has made similar determinations; but what Davy calls proportion, 
Young calls combining weight, But none of these philosophers have attempted to 
give any great degree of exactness to their determinations, They have frequently 
even omitted stating the experiments from which these determinations are derived, 
The method which they have adopted of giving round numbers, though it 
facilitates the recollection and calculation, is scarcely consistent with the obicct of 
scientific researches, and ought to be rejected: for even supposing that perfect 
exactness could never be obtained, it is nevertheless the object towards which all 
our efforts should be directed,” 
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must be presumed to be a binary one, unless some cause appear to 
the contrary. 

2. When two combinations are observed, thoy 3 must be presumed 
to be a binary and a ternary. 

3: When three combinations are obtained, we may expect one to 
be a binary, and the other two ternary,” dc. 

These terms being thus explained, 


“1 atom of A + 1 atom of B = 1 atom of C, binary. 
1 atom of A + 2 atoms of B = 1 atom of D, ternary. 
2 atoms of A + | atom of B= 1 atom of E,. ternary,” &c. 


These rules had no ‘experimental evidence whatever to: support 
them, and merely aimed at the greatest possible simplicity in the 
assumptions made. They have often been quoted with unfavourable 
criticism, but it is not so often noticed that later on Dalton himself 
saw the weakness of such arbitrary rules. In the second volume 
(Part I.) of his “ New System of Chemical Philosophy,” pp. 349, 350, 
he says :— 

“When two bodies, A and B, combine in multiple batpniethesh 
for instance, 10 parts of A combine with 7 of B, to form one com. 
pound, aud with 14 to form another, we are directed by some authors 
to take the smallest combining proportion of one body as representa- 
tive of the elementary particle or atom of that body. Now it must 
be obvious to anyone of common reflection, that such a rule will be 
more frequently wrorg than right. For, by the above rule; we must 
consider the first of the combinations as containing 1 atom of B 
and the second as containing 2 atoms of B, with 1 atom or more of 
A; whereas it is equally probable by the same rule, that the com- 
pounds may be 2 atoms of A to 1 of B, and 1 atom of A to 1 of B 
respectively; for, the proportions being 10 A to 7 B (or, which is 
the same ratio, 20 A to 14 B), and 10 A to 14 B; it is clear by the 
rule, that when the numbers are thus stated, we must consider the 
former combination as composed of 2 atoms of A, and the latter of 
1 atom of A, united to 1 or more of B. Thus there would be an 
equal chance for right or wroug. But it is possible that 10 of A, and 
7 of B, may correspond to 1 atom A and 2 atoms B; and then 10 of 
A, and 14 of B, must represent 1 atom A, and 4 atoms B. Thus it 
appears the rule will be more frequently wrong than right. 

It is necessary not only to consider the combinations of A with B; 
but also those of A with C, D, E, &c., before we can have good reason 
to be satisfied with our determinations as to the number of atoms 
which enter into the various compounds.” 

The true foundation. for determination of molecular mass, and of 
the numbers of atoms going to form particular molecules, was laid by 
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Gay Lnssac’s memorable research* ( published in the same year with 
the first part of Dalton’s “New System”) on the proportions by 
vélume in which gases combine,f and the important hypothesis of 
Avogadro (put forth three years later, in 1811) that all gases ‘undet 
like physical conditions contain in’ equal volumes equal numbers of 
molecules. But half a century or more had to pass before thé 
confusion was fairly got rid of between molecule and atom, between 
equivalent and atomic weight. Gradually more and more light was 
shed upon the definition and the constitution of the molecule, and its 
relation to its constituent atoms, by the studies of Dulong and Petit 
upon specific heat, of Mitscherlich upon isomorphism, of Faraday 
upon electrolysis, of Liebig and Wohler upon isomerism, of Dumas, 
Laurent and Gerhardt upon substitution, of Frankland upon valence. 
Most of al! we are indebted to Cannizzaro for concentrating this 
light, and clearing up the indistinctness of ideas and of language 
which lingered in the chemical world up to the time of his discussion, 
in 1858, of the true methods of determining molecular and atomic 
weights. 

It is not necessary, in reviewing the work of Stas, to diseuss the 
steps in detail by which, various possible multiple values for an 
atomic weight having been ascertained by experiment, it has been 
settled how we are to decide between these. This was not the 
line of enquiry with which Stas identified himself. Indeed, the 
principles to be applied had been fairly worked out, and Cannizzaro’ § 
statement of them was before the world, when the first great memoir 
of the Belgian chemist was published. His efforts were aimed at 
the improvement of methods of experiment, and their application, 
with the utmost attainable accuracy, so as to secure results, in the 
form of experimental data as to combining weights, which should. be 
entitled to the highest confidence. 

That the ascertainment with precision of the masses of the stoms 


* Preceded by the publication in 1805 of the results as to the volume relations 
of oxygen ahd hydrogen observed by Gay Lu-sac and v. Humboldt. | 

+ Itis curious to notice the considerable mutual distrust of Dalton and Gay 
Lussac for each other’s conclusions, when in fact each was supplying the most 
weighty evidence in support of the doctrine of the other. 

A noteworthy passage occurs on p. 556 of Part 11. of Dulton’s “ New System,” 
published in 1810, the year before the announcement of “ the law of Avogadro.” 
Speaking of Gay Lussac’s views, he says “In fact, his notion of measures is 
analogous to mine of atoms; and if it could be proved that all elastic fluids have 
the same number of atoms in the same volume, or numbers that are as 1, 2, 3, &c., 
the two hypotheses would be the same, except that .mine.is universal énd his applies 
only to elastic fluids. Gay Lussac could not but see (page 188, Part I. of this 
work) that a similar hypothesis had been entertained by me, and abandoned as 
untenable ; however, as he has revived the notion, I shall make a few. observations 
upon it, though I do not doubt but he will soon see its inadequacy?’ 
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of the elements was an object worthy of the consecration of so many 
years of labour as Stas bestowed upon it, may well be admitted if 
we reflect how completely the atomic theory has become bound up 
with the whole of chemical philosophy, how fruitful it has been of 
new discoveries, how much we may yet hope for from its consoli- 
dation and development, what nobility and dignity it has given to 
chemistry as a part of human knowledge. By the chemist at his 
balance the arm of reason is directed into those regions of almost 
inconceivable minuteness, which lie as far beyond the reach of the 
most powerful microscope as that carries us beyond the reach of the 
naked eye, quite as impressively as that same arm is stretched forth 
by the astronomer at his divided circle to reach and to weigh the 
mighty planets that shine in the remotest regions of our solar 


system. 


Early History of Iavestigation as to the Atomic Weights of the 
Elements. 


The determination of atomic weights dates, of course, from the 
publication of Dalton’s theory; the earlier ascertainment of certain 
individual combining proportions, by Richter, Proust and others, are 
not properly to be taken account of under this head. 

The atomic weights originally set forth by Dalton himself were 
only very rough approximations, based upon the adoption of the 
hydrogen atom as the unit, the arbitrary assumptions, already alluded 
to, of the numbers of atoms combining, and the results of such analyses 
of known compounds as he could command. Some of these analyses 
were made by himself, many of them by other chemists. Thus we 
find, for example— 

Relative weights of the ultimate particles. 


New system, Part I, New system, Part Il, 

1808. 1810, 
Hydrogen ............ Il 1 
Oxygen oo vccccccceece 7 
Azote... +. 5 
Carbone.........ee00 5°4 
Sulphur... ........eeee 13 13 
Phosphorus 9 
TEM ccccee 50 
Copper ....... eccees 56 


Berzelius began his experiments on combining proportions in 
1807, and a year or two later under the stimulus of the new views 


MALLET: STAS MEMORIAL LECTURE. 17 


of Dalton,* gave himself up in large measure to the extension of 
these experiments, which developed into his great work on atomic 
weights.t| He says himself{—‘ L’étude de ces phénoménes”’ (the 
decomposition of the alkalis in Davy’s hands, and an apparently 
parallel decomposition of ammonia, by the electric pile) “ devait donc 
faire partie de mes expériences ; et lorsque j’eus connaissance des idées de 
Dalton sur les proportions multiples, je trouvai dans le nombre: des 
analyses, dont j’avais déja les résultats, une telle confirmation de cette 
théorie, que je ne pus m’empécher d’ examiner lesdits phénoménes; et ce 
fut ainsi que le plan de mon travail sur une partie d’abord trés-limitée 
des proportions chimiques, s’agrandit de plus en plus, et embrassa finale- 
ment les proportions dans toute leur étendue, dont jétais loin de me 
faire une juste idée en commengant mes expériences. LElles donnérent 
d’abord des résultats bien différens de ceux auxzquels je croyais devoir 
m’attendre. A force de les répéter et d’y employer des méthodes variées, 
je m’apergus des fautes commises. Lclairé par Vexpérience de mes 
propres erreurs, et & l'aide de meilleurs procédés, je parvins & trouver une 
grande correspondance entre le résultat des analyses et les calculs de la 


théorte. La comparaison de ces résultats développa successivement de 


nouvelles vues, qui demandaient a& étre vérifiées, en sorte que le travail 
augmenta d’étendue et peut-étre aussi d’importance.” 

Berzelius expressed his atomic weights in terms of that of oxygen, 
represented by 100, giving as his reasons for preferring this standard 


to that of hydrogen taken as unity, that most of the substances with 
which chemists were concerned were oxides or compounds of oxides, 
and that calculation was simplified by having multiples of 100 to re- 


* In the early part of his first paper (“Zssais sur les proportions déter- 
minées,” &c.—Annales de Chimie, '78, 8) he uses this strong language in re- 
ference to Dalton’s theory of combination in multiple proportions—“ Cette 
manidre d’envisager les combinaisons des corps répand déja au premier coup-d wil 
une telle clarté sur la doctrine des affinités, quelle peut étre regardée comme le 
plus grand pas qua fait la chimie vers son perfectionnement comme science, si 
Vhypothdse de Dalton peut étre prowvée.” 

+ The first publication of his analytical results was in 1810—“ Férsdk rérande de 
bestiimda pruportioner, hvari den oorganiska Naturens bestandsdelar finnas 
forenada ”’—Hisinger and Berzelius ; Afhandlingar i Fysik, Kemi, och Mineralogie 
III (1810), 162. In the Annales de Chimie, beginning with the No. for the 
30th of April, 1811, and running through the volumes '78 to 83, inclusive, appeared 
his “Essais sur les proportions déterminées dans lesquelles se trouvent réunis les 
élémens de la nature inorganique.” (Traduit du suédois.) Further papers on 
the same subject appeared for many years afterwards. His “ Essay on the cause 
of chemical proportions, and on some circumstances relating to them; together 
with a short and easy method of expressing them,” was published in Thomson’s 
Annals of Philosophy for 1813. His “ Nouvelles recherches sur les proportions 
chimiques” appeared in the Annales de Chimie for 1817. 

I Traité de Chimie, trad. par M. Esslinger.. Bruxelles, 1835. T. 4, p. 533. 
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present the various numbers of atoms of oxygen. He conscientiously 
reported the actual weighings of his analyses, and along with them 
the results of some work by other chemists. He substituted more 
rationally founded rules for determining the numbers of the atoms 
in a compound for those arbitrarily adopted by Dalton, laying the 
greatest stress on proportions by volume in the gaseous state, and 
carefully examining the nature of the multiple relations in each 
series of compounds formed by the same elements. Taking into 
account the limited laboratory resources of the analytical chemist 
when Berzelius did most of his work, this work will always excite the 
admiration of those acquainted by experience with the difficulties 
he encountered, and will be the more admired the more closely it 
is examined, and the more. fully it is seen how far the difficulties 
were surmounted. His results were not without some errors, which 
remained for correction by his successors—one of the most remark- 
able cases being that of the atomic weight of carbon, the revision of 
which by Dumas and Stas has been already spoken of, but it is not so 
remarkable that there were errors as that these errors were on the 
whole so few and of such relatively small importance. 

Sir Humphry Davy, in his “Elements of Chemical Philosophy,” 
published in 1812, gave what were in reality a number of atomic 
weight determinations, though he cautiously avoided the use of the 
word “atoms,” and preferred to speak only of “proportions.” He 
quotes results obtained by others, but bases his “ proportions” 
largely on experiments made by himself and his brother, John 
Davy. He says—“ I have in a few instances only given an account 
of the experiments, from the results of which the numbers repre- 
senting the undecomposed bodies were calculated. 

“To have given accurate histories of those experiments, would 
have been incompatible with the object of an elementary book 
devoted to the general truths and methods of the science; I shall 
however shortly present them to the public, in a work containing the 
details of labours that I have carried on during the last twelve years 
in analytical chemistry. 

“T have usually given whole numbers, taking away or adding frac- 
tional parts, that they may be more easily retained in the memory, 
When the number was gained from experiments in which a loss 
might be supposed, I have added fractional parts, so as to make a 
whole number.” 

His numbers, therefore, were, like those of Dalton, approxi- 
mations only, though better than those of Dalton. For example, he 
assumed 


OZYBED cocccccccpeccccccccpecce 1S 


— 
—) 
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Some of these numbers are of course approximate multiples (that 
for phosphorus a sub-multiple) of the corresponding numbers now 
accepted. 

In 1825 Dr. Thos. Thomson, of Glasgow, published in two volumes, 
his work entitled ‘“‘An attempt to establish the first- principles of 
Chemistry by experiment,” of which he says in the preface that he 
had begun the laboratory experiments in the summer of 1819, and 
that they had occupied all his time, not taken up by the duties of 
his professorship, for five years. This book, which for a time 
attracted much attention, especially in England, has long since 
dropped out of notice on account of the atomic weights adopted in 
it having been proved to be seriously erroneous, and it has been held 
to reflect positive discredit on the author, Never has a more severe 
criticism been passed by competent authority upon any scientific 
work than that of Berzelius upon this one. In the German edition 
of his Jahresbericht for 1827, 8.77, he says “ Diese Arbeit gehirt zu 
den wenigen, wovon die Wissenschaft auch gar keinen Gewinn hat ; 
mehreres in dem experimentalen Theile darin, ja sogar mehreres von 
dem Grundversuchen selbst, scheint nur am Schreibtische ausgearbeitet 
worden zu sein, und die grisste Hoflichkeit, welche die Mitwelt dem 
Verfasser erweisen kann, ist, diese Arbeit als nie herausgekommen zu 
betrachten.” This amounts to a charge of stating as the results of 
experiments, reported as actually made, figures which had simply 
been calculated out in advance to support a set of preconceived ideas 
—a charge so grave as not to be admitted exvept ander the compul- 
sion of proof. A pretty careful examination of the book, made with 
the desire to find, if possible, some less discreditable explanation of 
the erroneous results, yields the following conclusions. While the 
individual statements are clear, the relation between those in different 
parts of the work is in many cases confused, not seldom seeming to 
involve “ reasoning in a circle.” Thus in one place under the head 
of “ Atomic Weight of Sulphur,” we tind the statement—‘ Hence 
sulphate of barytes is composed of 


Barytes........+ ee cceesecece -- 975 
Sulphuric acid......00....00...- 5 


14°75 
c 2 
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The salt being neutral, and 9°75 representing an atom of barytes, 
5 must represent the atomic weight of sulphuric acid.” (Vol. 1, 
p- 211.) 

And elsewhere, under the head of “ Atomic Weight of Barium,” 
“Tt has been already explained, that sulphate of barytes is a com- 
pound of 


Sulphuric acid................ ve 


From which it is obvious, that 9°75 must be the atomic weight of 
barytes.” (Vol. 1, pp. 267, 268.) Other data are, however, also used 
to establish these same atomic weights. Thomson preferred to state 
all his atomic weights with reference to that of oxygen taken as 
unity, and, disentangling the chain of relations employed, we find it 
in the main to be made up of the following links. Assuming that air 
had been proved to consist of 20 per cent. of oxygen and 80 per cent. 
of nitrogen, and calculating from the average of several determina- 
tions of the density of oxygen as compared with that of air, he 
concluded that it should be represented by 11111. He twok the 
density of hydrogen as 0:0694, and from these numbers deduced the 
atomic weight of hydrogen = 0°125. He says that he took the 
specific gravity of chlorine three times successively, and found it 
always 2°500 (air = 1)—hence he found chlorine to be 36 times 
bai and from this he calculated the 
‘0694 
atomic weight of chlorine = 4°5 (oxygen = 1), since 1: 36 ::°125: 45. 
This made the weight of “1 atom muriatic acid = 4°625 ” (45 + °125), 
with which he found 9°75 of barium oxide to combine, so that “1 atom 
barytes = 9°75,” and ‘“‘an integrant particle of anhydrous muriate 
of barytes weighs 14°375 ” (4625 + 9°75). Heating to redness this 
muriate of barytes it lost the hydrogen of its acid and oxygen of its 
base, united to form water, and hence, subtracting 1 atom water 
= 1125, he found “1 atom chloride of barium = 13°25” (14°375 
— 1125). A large proportion of his other atomic weight deter- 
minations turned upon the precipitation of a sulphate in solution by 
chloride of barium, the residual clear solution from which barium 
sulphate had precipitated being tested and found free from any excess 
of either barium or a sulphate, and he states in each case the weight of 
the original sulphate required for this exact equivalence with 13°25 
grains of barium chloride. It is evident that the numbers assumed for 
chlorine and for barium chloride were too high. The reaction so largely 
made use of was moreover affected by error due to barium sulphate, 


heavier than hydrogen 
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in precipitating, carrying down with it soluble salts, including soluble 
sulphates—a fact which was pointed out by Turner some years later 
as vitiating Thomson’s results. In some cases the errors are probably 
traceable to the use of salts containing water of crystallization, the 
method of drying employed not securing the sharp separation of this 
from hygrometric moisture—this is observable in some experiments 
made in a similar way by J. Prideaux, who believed that his results 
supported those of Thomson (Phil. Mag., 7, 1830, 276). But the 
chief source of error seems to have been that in the preliminary 
experiments, to ascertain the exact quantities of two salts which 
should just suffice for mutual decomposition, of none of which 
are the results recorded, but only the quantities finally ascertained,* 
Thomson must have been satisfied with only very moderate accord- 
ance between the figures of individual experiments, and have accepted 
the mean of these as exact, without thought for the large probable 
error involved—then, reducing his figures to correspond with the 
standard assumed, namely oxygen as unity, and expressing the results 
in grains he had but small quantities to work with in the final 
experiments which he does report, and the absolute errors are 
seemingly but very small. Thus, in his analysis of sulphate of zinc, 
which he himself speaks of as constituting in some measure the 
foundation of his whole superstructure, he says that he found 
18125 grains of the crystallized salt to be exactly precipitated by 
13°25 grains of chloride of barium—the latter number, if calculated 
from our best ascertained atomic weights of the present day, should 
have been 13°14 grains; a difference of 11 hundredths of a grain.t 
That Thomson was influenced in no small degree in his selection of 
results, and his “rounding off” of numbers, by his ‘prepossession in 
favour of the hypothesis of Prout there can be no doubt—an example 
is furnished by his discussion of the atomic weight of potassium as 
based upon the experiments of Gay Lussac and Thénard, and those 
of Berzelius, on the quantity of hydrogen set free from water by a 


* Thomson says in his preface—‘‘ The work which I now present to the public 
contains the results of many thousand experiments, conducted with as much care 
and precision as it was in my power to employ.” And at the end of his analysis of 
sulphate of. zinc—“ So that 18°125 is the weight of an integrant particle of the 
erystallized salt. It was the knowledge of this that induced me to make choice 
of 18°125 grains of the salt. My first experiments were made upon a much larger 
quantity ; but I have often repeated them with 18125 grains, and obtained the 
result just: stated.” 

+ Recently published experiments have shown that the production of a visible 
precipitate by the interaction of barium chloride and a soluble sulphate is not, in 
dilute solutions, a reaction of such great delicacy as has been often supposed. So 
that Thomson may have failed to detect small residues remaining in solution after 
his precipitations. 
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given quantity of the metal; in summing up he says of Berzelius’ 
result, ‘‘ This determination is a little below the truth, while that of 
the French chemists is a little above it. The mean of the two” 
(5°121 and 4889) “gives 5°005 for the atomic weight of potassium. 
The true weight is undoubtedly 5.” But, bearing in mind the means 
available for analytical work at the time, the average degree of 
accuracy which most analyses then represented, and the fact that 
even Berzelius himself long clung to and defended his value for the 
atomic weight of carbon, = 76°438 (instead of 75°02, as we should 
now take it), we should hesitate to believe in the truth of the impu- 
tation that results for experiments were deliberately invented. 

The researches on atomic weights which have been so far noticed 
were the most important of those carried out and published in the 
early days of the chemical atomic theory—.e., up to the year 1820. 
Some individual results, however, and especially some most valuable 
physical determinations in respect to gaseous substances, were in the 
same period contributed by Gay Lussac and v. Humboldt, Biot and 
Arago, Dulong, Thénard, V. Rose, Chenevix, Marcet, Prout, G. G. 
Gmelin, and Sefstrém. Dulong and Petit’s measurements of specific 
heats belong to the same period (1817-1819). 


Atomic Weight determinations from the time of Berzelius to that 
of Stas. 


Within this period—from 1820 to 1860, the year of the appearance 
of Stas’ first great paper—the investigations of greatest extent in 
regard to atomic weights were those of— 


E. Turner ........++++ 1829-1833 (at. wt. of Mn previously 
determined, in 1818). 


Q. L. Erdmann and R. F. 
Marchand 1841-1852. 
C. Marignac 1842-1858 (with further researches in 
much later years). 
J. Pelouze .......4+.6. 1845-1847. 
R. Schneider 1850-1859. 
1859 (previous determinations for Ca 
and O in 1842, and (with Stas’ 
aid) for C in 1840). 


Turner’s work was in large measure intended to clear up the dis- 
erepancy between the numbers for certain atomic weights which 
had been given by Berzelius and Thomson respectively. Turner 
introduced the practice of correcting his weighings for the buoyancy 
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of the air. Dumas began with the re-examination of carbon, as has 
been noticed, and seems to have become impressed, by the correction 
of Berzelius’ number for this element, with the idea that the whole 
list of atomic weights needed revision, a work which, once entered 
upon, occupied him for many years, the great bulk of his results being 
published together in 1859. Although Dumas’ results were far more 
correct than those of Thomson, the constant error connected with 
the precipitation of sulphates by barium chloride in the hands of the 
last named chemist was to some extent paralleled by defects in con- 
nection with the precipitation of chlorides by silver nitrate as largely 
practised by Dumas—each case teaches the lesson that the condi- 
tions affecting a reaction should be most carefully studied before it 
is applied to the determination of an atomic weight. . Dumas’ results 
for the atomic weights of carbon and of oxygen—the first that he 
obtained—are probably better than any of those he obtained after- 
wards. Penny’s work was marked by care and intelligence in very 
high degree ; he deserves to be considered a worthy fore-runner of 
Stas. Erdmann and Marchand, and still more Marignac, contributed 
- a large number of carefully worked out results, including some of 
fundamental importance. *‘Schneider bestowed special pains on the 
purification of the materials used, and Pelouze introduced important 
improvements in regard to the volumetric use of silver solutions. 

Beside these more extensive researches, others of more restricted 
scope—many of them limited to the determination of a single atomic 
weight—were published during the period in question. Omitting a 
few papers of manifestly little value, the following list is presented 
in chronological or¢er :— 


F. Stromeyer........+++++- 1816-26 og aepegnonbeatete 
J. A. Arfvedson .....++.++ 1824-29 E. Rothoff .... socecees 
A. J. Balard ........+++++- 1826 J. Liebig ..ssseeees oe 
W. Hisinger ..........+++. 1826 E. Mitscherlich and Nisewh.. 
CO. Léwig .....0.0.0.2+200 1829 

C. G. Mosander.. severe 1830-43 

R. Hagen ...... 1839 ese 
J. Liebig and Redtenbacher | 1841 H. Capitaine .........++- 
S. Baup ...cscccseecseseee 1841 V. Awdejew ...... 

A. Beringer ......++.5+ eee F. V. Wrede.... 

E. Péligot .....eccsececees C. Rammelsberg .......+06 
V. A. Jacquelain .......+06 J.J. Ebelmen .......006+ 
L, Svanberg ......00.ee000 L. A. Salvétat 

E. Millon ..ccccccsesseees T. Anderson ........ 

J. Wertheim .......0sse005 H. Wackenroder ......... 
Be BED ceccce cc cccccees P. A. Favre wesesecsscees 
A. Erdmann .........00.. L. Svanberg and Norlin .... 
C.E. Claus .......cce0000 N. J. Berlin ..... eeececece 


Th. Scheerer ........+.. . Faget ...cccccsscesscccece 
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E. J. Maumené...,......-- 
Be BEIBEBDs 0.0.0 49,40 cose o0.0000 
A. Moberg ... eTererey 

L. Svanberg and O. Norden- 


BE 0.0 nc eccece neve 
ee We 06 dc 0060 cece 
ND oc ct.cn ce se cows 
T. Kjerulf 

F. Kessler eadee ad omenie 
H. Ste. Claire Deville ...... 
J. W. Mallet 

K. V. Hauer 

GND kc cc tescceccccce 
C. L. Viaanderen .......... 
8. de Luca 


C. Gerhardt ........+.- cose 
Quintus Icilius 

L. —— and H. Struve. 
A. Laurent... Sn 6800 08 
DP. Himbrodst ..ccccccsccces 
A. Demoly .. 0.5.0 seseeeee 
A. Levol ..40... 

R. F. Shedead. mi “Th. 


R. F. Marchand .. one 
Ge a ME bbc ccdadkac test 
R. Wildenstein ............ 
Ba ORE 4i:00 0s dco Wen s004 
io END, wane 

T. R. Weber (with H. Rove 
W. BD. Dembee. cc cccece 

A. Riche. . une 
R. Bunsen and J. Tegel oe 
M. Holzmann ..... ...... 
pT TTT TUTTE TTT 
E. Lenssen......+ 


F. A. Bernoulli 4... cccecess 1860 


During the same period there were also published important 
investigations of a physical character bearing upon the determina- 
tion of atomic weights. Of these by far the most valuable for this 
purpose were Regnault’s researches on the densities of the principal 
gases (1845-1861). His work also on: specific heats (1840-1861), 
and that of Kopp in the same direction (1848-1865) may be men- 
tioned, although not affecting atomic weights in regard to their exact 
values. 


Stas’ Determinations of Atomic Weights. 


In carrying out the researches on this subject to which Stas 
devoted most of the time at his command for more than forty years, 
he aimed at the determination, with greater-precision than anyone 
before him had attained, of the atomic weights of some ten or twelve 
of the elements. . 

But he, also aimed beyond this, He endeavoured, by so determining 
these constants, to settle several general questions of the most funda- 
mental importance in regard to matter as studied by the chemist. 

In the’ first place,—Is the mass or weight-of an atom of a given 
element an absolutely constant quantity, su ‘that’ chemical analysis, 
properly conducted, must always produce, from each’ substance 
examined, strictly the same relative quantities of the same con- 
stituents separated ?.. Although this has generally been assumed as 
true beyond dispute since the early part of the present century, it has 


ca 2 
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occasionally been called in question, or some degree of doubt 
expressed in regard to it. Marignac was apparently the first chemist 
of recent times to suggest any doubt as to the constancy of combining 
proportions.* Stas himself considered the question as one requiring 
examination.t In 1883 Schiitzenberger and Butlerow published 
papers [ in which were reported certain anomalies in the results 
of analysis, believed not to be due to defective work, and for which 
these chemists suggested as a possible explanation the variation, 
within small limits, of the atomic weights of the elements concerned, 
so that the numbers representing these might depend in some small 
degree upon special physical conditions, as of temperature or pressure, 
or might vary for the same element as it entered into combination 
with different other elements. This last idea savours of the old views 
assuming the indefinite divisibility of matter, and is incompatible 
with the very essence of the Daltonian atomic theory. In a form 
more consonant with this theory Crookes has said§— “ It may well be 
questioned whether there is an absolute uniformity in the mass of 
every ultimate atom of the same chemical element. Probably our 
atomic weights merely represent a mean value around which the 
actual atomic weights of the atoms vary within certain narrow 
limits.” ‘I conceive, therefore, that when we say the atomic weight 
of, for instance, calcium is 40, we really express the fact that, while 
the majority of calcium atoms have an actual atomic weight of 40, 
there are not a few which are represented by 39 or 41, a less number 
by 38 or 42, and so on. We are here reminded of Newton’s ‘ old 
worn particles.’” Dr. E. Vogel, of Alameda, California, has dis- 
tinctly advocated || the idea of variability in atomic weights, and has 
endeavoured by a discussion of the results of Stas and others to find 
evidence in support of his thesis. Anyone who reflects upon the 
accumulation of facts tending to establish the atomic theory of the 
present day, in its commonly accepted form, will be apt to demand 
very clear proof of any such variability in atomic weights, will 
be inclined to consider mass as the most important means of identifi- 
cation for atoms of a definite kind, and will be likely to attribute the 
anomalies which have been pointed out in analytical results either to 
unnoticed errors of experiment, or to the assumption that in a 
reaction, supposed to be simple and definite, a few atoms may form 
compounds of a different order from the rest, and the resulting excep- 

* Archives des sciences physiques et naturelles, 1860. 

t Mémoires de V Académie Royale de Belgique, 36, 3 to 7. 

I Bulletin de la société chimique de Paris, 39, 258 and 263. 

§ Presidential address to the chemical section of the British Association for the 
Advancement of Science, Birmingham Meeting, 1886. 


| Nature, 81, 42—and in a separately published memoir, printed at San 
Francisco in 1888, 
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tional molecules escape detection; as, for instance, if copper were to 
be converted into cupric oxide, and for a thousand molecules of the 
latter a single molecule of cuprous oxide were to be formed, and the 
fact were for some reason to be overlooked. 

Secondly,—Assuming that the atomic weights of the various 
elements are severally fixed and immutable, are they represented by 
numbers which are commensurable? Or, putting the question in the 
more limited form in which it is commonly referred to, are the atomic 
weights of all the other elements integer multiples of that of 
hydrogen ? 

An affirmative answer to this second form of the question consti- 
tutes the much discussed “‘ hypothesis of Prout.” Of this the original 
history repays examination, as there are several points in regard to it 
which do not seem to be generally known. Two years before the 
appearance of Prout’s first paper, Dr. Thos. Thomson pointed out * 
multiple relations between the atomic weights of several other 
elements and that of oxygen, which he represented by unity, using the 
following language,—‘“ 2. There are eight atoms of simple bodies 
whose weights are denoted by whole numbers; namely 


De —ORygem. ooo... cccccccccccccce 1 
2.—Salphur 
3.—Potassium 


3. An atom of phosphorus is ten times as heavy as an atom of 
hydrogen. None of the other atoms appear to be multiples of 0°132; 
so that if we pitch upon hydrogen for our unit, the weights of all the 
atoms will be fractional quantities, except that of phosphorus alone.” 

In 1815 there appeared in Dr. Thomson’s Annals of Philosophy ¢ 
an anonymoas article, entitled “ On the Relation between the Specific 
Gravities of Bodies in their Gaseous State and the Weights of their 
Atoms.” The article is devoted to a comparison between the volumetric 
relations of substances in the gaseous state, recently studied with 
such admirable results by Gay Lussac, and the combining proportions 
by weight of the same substances. Toward the end of the paper 
occurs the following passage,—“ Table II. This table exhibits many 
striking instances of the near coincidence of theory and experiment ” 


* “On the Daltonian Theory of Definite Proportions in Chemical Combinations,” 


—Annals of Philosophy, 2 (1813), 114. 
t+ Annals of Philosophy, 6 (July to December, 1815), 321. 
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(i.e, agreement between the weights of the atoms—or, as we should 
now say, the molecules—of substances as calculated from their 
density in the gaseous state, and as determined by chemical experi- 
ment).—‘“ Table III. This table likewise exhibits some striking 
examples of the coincidence above noted. Indeed, I had often 
observed the near approach to round numbers of many of the weights 
of the atoms, before I was led to investigate the subject. Dr. Thom- 
son appears also to have made the same remark.” In the next 
volume of the Annals of Philosophy, for the first half of 1816, in 
the “ Account of the Improvements in Physical Science during the 
year 1815, by Thomas Thomson, M.D., F.R.S.,” this language was 
used,*—“ A very important paper was published in a late number of 
the Annals of Philosophy on this subject” (the general principles 
of the atomic theory). “Though the paper in question is anonymous, 
several circumstances enable me to fix with considerable certainty on 
the author ; but, as he chooses to remain for the present concealed, 1 
do not consider myself as at liberty to mention his name. The title 
of the paper is on the Relation between the Specific Gravities of 
Bodies in their Gaseous State, and the Weight of their Atoms 
(Annals of Philosophy, 6, 321). By pointing out this relation 
he shows that the two modes of viewing the atomic theory come 
in fact to the same thing.” This last sentence correctly states the 
essential character of Prout’s paper; it really relates to what we 
now call the application of gaseous density (in connection with the 
law of Avogadro) to the determination of molecular (then called 
atomic) weight. The remarks as to the multiple relations of other 
atomic weights to that of hydrogen are incidental only. In the same 
volume there appeared another anonymous article,t ‘‘ Correction of a 
Mistake in the Essay on the relation between the Specific Gravities 
of bodies in their Gaseous State and the Weights of their Atoms,” in 
which there occurs this paragraph,—“ If the views we have ventured 
to advance be correct, we may almost consider the zpwry vrAn ft of 
the ancients to be realised in hydrogen; an opinion, by the by, not 
altogether new. If we actually consider this to be the case, and 
further consider the specific gravities of bodies in their gaseous state 
to represent the number of volumes condensed into one; or, in other 
words, the number of the absolute weight of a single volume of the 
first matter, pwr, vy, which they contain, which is. extremely 
probable, multiples in weight must always indicate multiples in 


* Annals of Philosophy, 7 (Jan. to June, 1816), 17. 

+ Annals of Philosophy, 7, 111. 

¢ The invention of the name “ protyle” has been attributed of late years to 
Crookes in his address of 1886. This passage shows that Prout used it in 1816, 
referring to it as a term of ancient philosophy. 
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volume, and vice versé ; and the specific gravities, or absolute weights 
of all bodies in a gaseous state, must be multiples of the specific 
gravity or absolute weight of the first matter, rpwry vAy because all 
bodies in a gaseous state which unite with one another unite with 
reference to their volume.” Further on in the same volume may be 
found* “Some Observations on the Relations between the Specific 
Gravity of Gaseous Bodies and the Weights of their Atoms. By 
Thomas Thomson,” including this passage,—‘ Dr. Prout, in a very 
valuable paper published in the sixth volume of the Annals, has 
endeavoured to show that the specific gravity of any body” (in the 
gaseous state is, of course, meant) “ may be obtained by multiplying 
the weight of its atom by half the specific gravity of oxygen gas. 
This is the same thing as to say that the weight of an atom of every 
body is always double its specific gravity in the state of gas.” Here 
the name of Prout is first disclosed as that of the author of the 
anonymous papers. The truth seems to be, that an originally inci- 
dental remark of Prout arrested the attention of Thomson, and he 
and Prout, charmed by the extreme simplicity of the volume relations 
of substances in the gaseous state (as demonstrated by Gay Lussac) 
—relations really dependent on the numbers of molecules concerned 
in reactions—thought that they had discovered a like simplicity in 
the relations between the weights of reacting molecules (or atoms, 
these two being then confounded with each other). For some time 
such multiple relations continued to be referred to as existing in 
regard to oxygen as well as hydrogen. The rough approximations to 
the atomic weights of the elements which alone were available at 
this time, and for several years later, lent apparent support to the 
idea of simple multiple relations between them. Thomson, as we 
have seen, was much influenced by this idea in the adoption of what 
he supposed to be the true numbers. Berzelius, with his far better 
analytical results, seemed to disprove the validity of such assump- 
tions. When Dumas undertook to re-examine the combining pro- 


portions of carbon and of hydrogen with oxygen, and obtained results | 


which made the atomic weights of carbon and oxygen almost exact 
integer multiples of that of hydrogen, he seems to have become 
strongly prepossessed in favour of the hypothesis of Prout, and made 
his long series of atomic weight determinations with the expectation 
of finding confirmation for it. In the case of chlorine it had become 
apparent that, with hydrogen as unity, an integer value was not 
admissible, but Marignac suggested that the true value was nearly 
midway between the two integers, 35 and 36, and that Prout’s idea 
might still prove to be well founded if the multiple relation were 
referred to half the atomic weight of hydrogen. Later on Dumas 


* Annals of Philosophy, 7, 343. 
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proposed even a further reduction of the unit of multiples, namely to 
one-fourth the weight of an atom of hydrogen.* This proposition has 
never met with general favour, it being manifest that some evidence 
should be adduced, other than the mere exigency of the hypothesis, 
in favour of the divisibility of the hydrogen atom, and that each 
reduction in the magnitude of the unit adopted increases the likeli- 
hood of a number of atomic weights falling pretty near to multiples 
of such a unit. A widely spread feeling however remained that. as 
increasing accuracy of analysis should graduslly clear away experi- 
mental errors, and furnish more exact values for the atomic weights, 
they would be found to accord with Prout’s hypothesis or with some 
modification of it. How much under the influence of this feeling 
Stas began his independent researches, has been recorded in his own 
often-quoted words,t—“ “‘ Je le dis hawtement, lorsque j’ai entrepris mes 
recherches, j’avais une confiance presque absolue dans l’exactitude dw 
principe de Prout.” 

Thirdly,—If we assume the atomic weights of the elements to have 
constant values, and to be represented by commensurable numbers, 
does not this indicate that all or most of the elements are in reality 
compound forms of matter, that those with higher atomic weights 
are built up out of those with lower, that there are no differences in 
kind among all known substances save such as grow out of greater 
or less complexity of composition, and that we are as much called 


upon to believe in the unity and unlimited interconvertibility of 
matter as in the unity and interconvertibility of energy? This 
question, suggested to Prout by his belief in multiple relations among 
the atomic weights, as his words, already quoted, in regard to the 
zpwry UA» indicate, has time and again been referred to, and its 
far reaching importance recognized, by later chemists. In recent 


* This idea of the atomic weights of the elements being multiples of a smaller 
unit than the atomic weight of hydrogen is commonly attributed to Marignac and 
Dumas, but it was suggested at a much earlier day by Prout himself. In the 
notes at the end of “An Introduction to the Atomic Theory,” by Dr. Chas. 
Daubeny of Oxford, of which the first edition was published in 1831, and the 
second in 1850, a letter to the author from Prout is published (p. 471 in the 
2nd edition), containing the following passage,—“ The original opinion to which 
I was led by the observation of others, and innumerable experiments (never 
published) of my own, was, that the combining or atomic weights of bodies bear 
certain simple relations to one another, frequently by multiple, and consequently 
that many of them must necessarily be multiples of some one unit; but as the 
atom of hydrogen, the lowest body known, is frequently subdivided when in 
combination with oxygen, &c., there seems to be no reason why bodies still lower 
in the scale than hydrogen (similarly however related to one another, as well as to 
those above hydrogen) may not exist, of which other bodies may be es 
Without being actually multiples of the intermediate hydrogen.” 

t Bulletin de V Académie Royale de Belgique, 1860, 211. 
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years it has been discussed at length by Crookes in his address to the 
Chemical Section of the British Association in 1886, and by 
Mendelejeff in his Faraday lecture before the Chemical Society in 
1889. Stas saw clearly the supreme interest attaching to this idea, 
He said in 1860,*—“ Aw point de vue de la philosophie naturelle, la 
portée de Vidée de Prout est immense. Les éléments des corps composés 
que nous considérons comme des corps simples en égard a leur immu- 
tabilité absolue pour nous, ne seraient eux-mémes que des corps composés. 
Ces éléments, dont la découverte fait la gloire de Lavoisier et a immor- 
talisé son nom, peuvent étre considérés ainst comme dérivant de la con- 
densation d’une matiére unique: nous sommes nutwrellement conduits d 
V'unité de la matiére, quot qu’en réalité nous constations sa pluralité, sa 
multiplicité.” 

Fourthly,—Do experiments with substances raised to extremely 
high temperatures justify the belief that, not only admittedly com- 
pound bodies, but also the elements themselves, may thus be disso- 
ciated into simpler forms of matter? Some of the modern researches 
carried out with the aid of the spectroscope, notably those of Norman 
Lockyer, had seemed to indicate such dissociation, and the possibility 
of matter in simpler forms than are known to our terrestrial 
chemistry existing on a vast scale in the atmosphere of the sun, or of 
some of the more distant heavenly bodies. Stas devoted 11 years 
to the experimental examination of this great question, and was led 
by it further to consider the probable conditions under which the 
emission of solar light takes place, thus extending his researches from 
the domain of chemistry into that of physics. 

In the course of his work, Stas investigated the methods of analysis 
to be used with a degree of rigour, and discovered and applied refine- 
ments upon older modes of experiment with a degree of patience and 
skill, such as had never before been used in chemical investigation. 

He sought out simple and well defined reactions, and examined 
with the utmost minuteness the conditions under which these 
reactions were complete, or the limits within which they approached 
completeness. Good examples are afforded by his direct synthesis 
of silver chloride, passing a current of chlorine gas over metallic 
silver heated in a tube of Bohemian glass, in which experiment he 
detected that the glass was slightly acted on by the fused chloride of 
silver, traces of an alkaline chloride being formed and carried away 
with the stream of chlorine—by his discovery that on precipitating a 
soluble salt of silver with an alkaline chloride a minute amount of 
silver chloride remains in solution in the residual liquid, which is 
rendered faintly turbid by the addition of a trace of either of the 
original salts, but that this does not occur in cold solutions if an 

* Bulletin de l Académie Royale de Belgique, 1860, 209. 
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alkaline bromide, or hydrobromic cid, be substituted for the precipi- 
tating chloride—and by the careful study made of the hygroscopic 
character of the various materials needing to be weighed. He fully 
recognized the importance of determining an atomic weight by 
several independent methods, and of requiring close accordance 
between the results so obtained before accepting them as satisfactory, 
He laid especial stress upon checking, whenever possible, the analysis 
of a compound by its synthesis, and of directly determining in each 
case the weights of the constituents and of the compound itself, 
drawing the distinction between complete synthesis or analysis, and 
synthesis or analysis by difference. 

He employed platinum vessels whenever these could be used, 
studied carefully the changes to which hard glass and porcelain were 
found to be liable in use, and had experiments set on foot upon a 
working scale in a glass factory to ascertain the best composition for 
glass capable of resisting the action of water and acids, but soft 
enough to be workable. He satisfied himself that the small but con- 
tinuous loss of weight undergone by glass vessels when heated 
directly over a gas or alcohol flame might be prevented by imbedding 
them in a bath of pure magnesia. He had specially made under his 
directions numerous glass vessels of shapes and sizes adapted to the 
requirements of his original methods, 

He bestowed the most scrupulous care upon the preparation and 
purification, often by new processes, of all materials used—and, as a 
precaution against unknown constant errors from this source, applied 
different methods to the preparation of the same substance, and used 
the products separately in atomic weight determinations. Thus, for 
example, he prepared potassium chloride from the nitrate, the 
chlorate, the platinichloride, and the acid tartrate—sodium chloride 
from the clearest rock salt, from the acid carbonate, the sulphate, the 
nitrate, the platinichloride, and the tartrate—silver iodate from 
potassium iodate and silver nitrate, from potassium iodate and silver 
sulphate, from iodic acid and silver sulphate, and from potassium 
iodate and silver dithionate—ammonium chloride (among other 
methods) by evolving gaseous ammonia from the action of zinc on 
an alkaline solution of potassium nitrite, acting on a watery solution 
of this gas with pure gaseous hydrochloric acid, not quite to saturation, 
crystallizing, and subliming in a platinum vessel in a stream of pure 
ammonia gas. He purified iodine, either by dissolving it to satura- 
tion in a concentrated aqueous solution of potassium iodide, precipi- 
tating with an excess of water rather less than sufficient to throw 
down the full amount possible, washing, distilling with steam, and 
drying under a bell-glass beside calcium nitrate (the only salt found 
not to affect the purity of the iodine), or else by acting with solution 
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of ammonia on the iodine to be treated, thus forming nitrogen iodide, 
or diiodamine as he considered it, decomposing the violently explo- 
sive product by heating with excess of water to 60° or 65° C., distil. 
ling and drying as before. By this latter method he treated in all 
some ten kilogrammes of iodine, generally in lots of 500 grammes at 
atime. Out of several processes applied to the preparation of pure 
silver he seems to have preferred the precipitation of a dilute ammo- 
niacal solution of silver nitrate by a solution of ammonio-cuprous sul- 
phite, exhaustion of the precipitated metal with ammonia, and careful 
washing—the metal was fused in a crucible of pure lime by the 
oxyhydrogen flame, and heated to its boiling point until the sodium 
line could no longer be perceived in the spectrum of the vapour, or 
actually distilled in vessels. of lime—when required in the form of 
sheets the metal was rolled between two plates of silver, so as to 
avoid the taking up of iron from the rolls.* Pure water was obtained 
by distilling three times, passing the steam for the first time through 
a red hot copper tube containing oxidized copper turnings, or dis- 
tilling from potassium permanganate, then from a little potassium 
or sodium acid sulphate to retain ammonia, and finally condensing 
in a long tube of platinum. Novel means of testing the purity of 
the specially prepared materials were adopted—such as observation 
of the perfectly bright and lustrous surface, free from stain, of pure 
silver in fusion, and of the absence of colour in the vapour of the 
metal when boiling before the oxyhydrogen flame. 

The balances used were of excellent construction, and unusually 
satisfactory both as to sensitiveness and steadiness. A set of 
weights, from 1 kilogramme down, altogether of platinum, compared 
with the Paris standards, for the Belgian Government, under the 
direction of Arago, and a second set, of which the larger pieces were 
of brass, compared with the former by Stas himself, served for 
the weighings required—Stas appears to have been the first chemist 
to apply in full to his weighings the proper correction for buoyancy 
in air. In some cases the substances to bo weighed were actually 
enclosed in exhausted vessels, counterpoised by others of like bulk 
and character of surface, but in all cases the results were reduced to 
their equivalent values in vacuo. 

The practical details of manipulation were worked out with the 
greatest pains and ingenuity. Liquids were evaporated in closed 
vessels, avoiding transference and the derivation of impurities from 


* When Dumas announced, in 1878, that silver fused and solidified in the air 
retains occluded oxygen, Stas bestowed much pains upon the examination in this 
respect of the silver he had used in his researches, and satisfied himself that no 
oxygen had been retained by it, at be rate in aaa — of affecting 
perceptibly his results. 
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the air, it having been found that evaporation in free air always left 
a slight residue of organic matter, and in the case of acids sometimes 
traces of iron, from atmospheric dust. Solution of silver in nitric 
acid was effected in strong glass vessels, closed by ground stoppers, to 
avoid any loss of the solution in the form of fine spray carried off 
by the escaping gas. Exact measurement of liquids was accom- 
plished by means of well devised and carefully calibrated pipettes, 
surrounded by water for the maintenance of uniform temperature. 
In precipitations of chloride or bromide of silver the end of the 
reaction was observed in a chamber the inner surface of which 
was painted with lamp black, and in which the only light was 
derived from a gas jet, and was transmitted through a screen of 
yellow glass or through a glass globe containing a solution of 
potassium chromate. 

Unusually large quantities of interacting substances were used, as, 
for example, 77—405 grammes of silver converted into nitrate and 
weighed as such, 60—250 grammes of silver converted into sulphide, 
139—259 grammes of silver chlorate converted into chloride, &c. In 
analyses or syntheses involving precipitation, extensive use was made of 
the valuable method, first suggested by Pelouze, of taking a small excess 
of one of the two interacting substances, and, after complete action, 
and subsidence of the precipitate, determining the exact amount 
of the substance used in excess remaining in the solution. Stas 
appreciated highly the neatness and precision of this process. Ina 
letter to the writer of this paper, dated January 27th, 1887, he spoke 
thus of it,—‘* Je me permets de vous recommander Vemploi de Vacide 
bromhydrique pour la précipitation de V’argent resté dans un liquide 
aprés une double décomposition opérée a Vaide d’un CHLORURE et d’un sel 
@argent. On réussit & condition que Veau mére renferme un excés 
@argent dont le poids est le triple du métal qui peut rester en solution a 
Pétat de chlorure d’argent. En opérant dans un ;flacon bouché dont on a 
déterminé avec soin la capacité, en prélevant un volume connu de l'eau 
mére dont le volume total est égal a la capacité du flacon, moins celui du 
chlorure d’argent, on peut aisément déterminer Vargent contenu dans la 
partie prélevée en recevant celle-ci dans un flacon ou on a introduit du 
bromure d’argent bien lavé. Je compte recourir & cette méthode pour con- 
tréler les recherchés que je vais entreprendre sur le chlorure de potassium. 
Par mes travaux antérieurs j'ai trouvé que le chlorure de potassium et 
Vargent employés pour une double décomposition, pris dans le rapport de 
“45 G 108, laissent par 10 grs. de chlorure de 25°55 mgr. & 28°66 mgr. 
d'argent libre. Le moyen indiqué ci-dessus appliqué & du chlorure de 
potassiwm pur permet de contréler ces résultats a 0°05 mgr. prés.” 

Originally all the determinations of atomic weights were referred 
to oxygen = 8—or, later, to oxygen = dutes were afterwards calcu- 
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lated on the basisof hydrogen = 1. Stas’ views as to this question of 
standard are given in the following passage from his great paper 
of 1865;* in this the words emphasized ure so used by himself,— 
“* Sai dit expressément que toutes ces valeurs sont déterminées en fone- 
tion de Vorygéne pris HYPOTHETIQUEMENT égal G16. Si on lesrapporte a 
Vhydrogéne pris pour unité, on doit nécessairement les corriger, du fait 
que la différence qui existe entre le poids atomique de l oxygéne déduit de 
Vexpérience et le poids atomique admis par hypothése. Or, le rapport 
de Vhydrogéne a Voxygene n'est pas connu avec certitude. De l'ensemble 
de tous les travaux exécutés sur la composition de l'eau, sur la pesanteur 
spécifique de l’hydrogéne et de l’oxygéne, sur le rapport proportionnel 
entre le chlorure d’ammonium et l’argent, je suis PORTE A CROIRE que V’hydro- 
géne étant 1, le poids atomique de l'orygéne ne peut guére dépasser 15°96.” 

To what results did Stas’ elaborate researches lead ? They may be 
briefly summed up as follows— 

lst—He determined the following atomic weights +— 


Oxygen (assumed) = 16. Hydrogen = 1, 

16 15°960 
Poe ccencesccess 107-930 107°660 
Nitrogen ......... - 14055 14-019 

Sulphur............ 32-0703 31°9901 
Chlorine. .... ocevececs 35°457 35°368 
Bromine. . . 79°952 79°750 
Iodine 126°550 126°533 
Potassium 39°1425 39°044 
23°0455 22988 
7°022 7-004 
206396 
11-969 


with a degree of concordance between his numerous individual results 
so great that the extreme variation for each element is only repre- 
sented by 005 to ‘Ol. 

2nd—He proved that in the case of ammonium chloride at least, 
changes of temperature or pressure within wide limits are without 
any perceptible influence upon the proportions in which the con- 


* Mémoires del Académie Royale de Belgique, 35 (1865), 24. 

+ The number for sulphur has been corrected in accordance with Stas’ revision 
of that for silver. The number for lead is the mean between the results obtained 
from the sulphate and from the nitrate. The number for carbon is the mean 
between the results obtained (with Dumas) from the combustion of elementary 
varbon and (by Stas alone, in 1849) from the combustion of carbon monoxide. 
The recaleulation by Van der Plaats of the atomic weights in the table from Stas’ 
experimental data brings out some very small differences. Annales de Chimie et de 
Phgsique [6], 7 (2885), 499, but the figures of the table are those of Stas himself. 
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stituents are combined, and that in such salts as the iodate and 
bromate of silver the halogens are united to silver in sensibly the 
very same proportions as in the iodide and bromide. From these, 
and all other facts of his experiments having the same bearing, 
he came to the conclusion that the atomic weights of the elements, 
determined by independent methods, have really constant values 
in all the compounds in which they occur, no matter how they 
are associated, or under what physical conditions combination may 
take place. 

3rd—He satisfied himself that the atomic weights of the elements 
which he determined with such precision are not commensurable, 
that they cannot with truth be represented by integer multiples of 
the atomic weight of hydrogen, or of the half, or the fourth of th's 
unit, and that, while his original prepossession was (as has been 
quoted in his own words) strongly in favour of Prout’s hypothesis, he 
found it to be clearly contradicted by his experimental results, He 
pointed out that the mean value for an atomie weight derived from 
these results differed from the value required by Prout’s hypothesis 
to an extent twice to fourteen times as great as the extreme difference 
between the maximum and minimum individual results from which 
the mean was calculated. Again to quote his own words,—“ Je 
termine donc en disant : ausst longtemps que, pour l’établissement des lois 
qui régissent la matiére on veut s’en tenir d Vexpérience, on doit considérer 
la loi de Prout comme une pure illusion.” “ La simplicité de rapport de 
poids que présuppuse Vv hypothése de Prout entre les masses qui interviennent 
dans V’action chimique, ne s’observe donc point dans l’expérience; elle 
newiste point dans la réalité des choses.” The great majority of 
chemists at the present day are probably agreed in believing that the 
hypothesis of Prout has by Stas been shown to be untenable. But 
the fact that so many well determined atomic, weights, referred to 
hydrogen as unity, present numbers nearly approaching integers, is 
very striking, and calls for further investigation. The writer of this 
paper is in a position to quote Stas himself. as admitting this much. 
Having enjoyed the pleasure of a conversation of considerable 
length with the eminent Belgian chemist at his house in Brussels in 
the summer of 1887, and having urged upon him the improbability 
of this near approach to integer values for so many atomic weights 
being due to chance alone, the writer was answered by the remark, 
“Tl faut crotre qu’il y a quelque chose la-dessous.” 

4th—He concluded, both from the evidence in disproof of Prout’s 
hypothesis, and from his long series of spectroscopic experiments at 
the highest attainable temperatures, using materials purified with the 
refinement of methods which he had devised, that no facts now known 
to us justify a belief in the dissociability of the atoms of the chemical 
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elements, their interconvertibility, or their production by aggregation 
from hydrogen or any other yet simpler form of matter. By us, in 
our present state of knowledge, they must be regarded as primordially 
and inalterably distinct substances,—“ individualités a part,” as Stas 
himself called them, “The unity of matter” must be viewed as an 
attractive speculation unsupported by proof. 

The titles of Stas’ memoirs on this subject, as they originally 
appeared, are given in the following— 


List of Papers by Stas on Atomic Weight Determinations. 


Recherches sur le véritable poid atomique du carbone (with Dumas) 
—Comptes rendus, 11, (1840), 991—Annales de Chimie et de 
Physique, 1 (1841), 5. 

Recherches sur le véritable poids atomique du carbone (combustion of 
carbon mon-oxide)—Bulletin de l’ Académie Royale de Belgique, 
16 (1849), 9. 

Recherches sur les rapports réciproques des poids atomiques—Bulletin 
de Vl Académie Royale de Belgique, 10 (1860), 208. 

Nouvelles recherches sur les lois des proportions chimiques, sur les 
poids atomiques et leurs rapports mutuels. (Présenté a V Académie, 
le 14 Janvier, 1865)—Mémoires de l’ Académie Royale de Belyique, 
35 (1865), 3. 

Sur une modification de la méthode d’essai des matiéres d'argent par 
voie humide—Comptes rendus, 67 (1868), 1107. 

Recherches de statique chimique. Des phénoménes qui se passent dans 
la précipitation mutuelle des solutions diluées des sels @argent par 
les acides chlorhydrique, bromhydrique, iodkydrique, et les chlorures, 
bromures et iodures—Comptes rendus, 73 (1871), 998. 

Recherches de statique chimique au sujet du chlorure et du bromure 
d’argent—Annales de Chimie et de Physique [4], 25 (1872), 22. 
Recherches de statique chimique au sujet du chlorure et du bromure 
Wargent, 2° partie—Annales de Chimie et de Physique [5], 3 

(1874), 145. 

De la détermination du rapport proportionnel entre Vargent, les 
chlorures et les bromures (“ Mémoire présenté & la classe des 
sciences dans la séance du 5 Aoiit, 1876 ”)—Mémoires del’ Académie 
Royale de Belgique, 43 (1882), 3. 

As partially related to his work on atomic weights, there may 

also be noted, 

Discours de ia nature de la lwmiére solaire—Mémoires de V Académie 
Royale de Belgique, 49 (1891). 

From 1860 to 1881 much work was done by other chemists in 

reference to atomic weights, and the following names are quoted, 
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Atomic Weight Determinations from 1860 to the end of 1881. 
Within this period appeared papers by the following chemists. 


R. W. Bunsen ..........-: 
B, Besaler 2c ccc cccccccece 
C. Scheibler .. 2.0.2... 0e0e 
0 ee 
Bo PMMRE fo oc cccocecceses 
W. J. Russell 
M. Delafontaine .......... 
C. W. Blomstrand ........ 
W. Crookes ....cccccccece 
J. Persoz ...... 

C. Winkler...... 

C. Marignac 
E. v. Sommaruga .......... 


J. Thomsen......seeeeeeess 
H. Buehrig. . 
P. T. Cleve and 0. M. Hoeg- 
lund... ..sceececeeeeses 
L. Meyer .....c:ccccececs 
C. Rammelsberg ......+++ 
R. Godeffroy .....0seeeeees 
O. Pettersson and G. Ekman 
Lecog de Beishandven . cecece 
A. Terrill 
J.8. Humpidgeand W. Burney 
J. W. Mallet . bewcee 
R Gebnsider ........ coseee 
J. Dewar and A. Scott . 


1861-70 
1861 
1861 


- 1862 


1862 


C. Czudnowicz .. 
FT. Babtiel 20602020 cccccecece 
M. Siewert .....002seeeeees 
i? 

8S. W. Johnson and O. D. ‘Allen 
E. Millon and Comuille .... 
J.J. Chydenius........ 
F. Reich and T. 
H. Werther .. 
O. Popp ..cececececeeee 
R. Hermann ........ 


Richter .... 


M. Hebberling .. ee 
J. F. Bahr and R. W. ‘Dense 
E. Zettnow 

TRIE, «00.06 06:06 00.00 00 0008 
H. Debray ...... 

H. Zschiesche 

C. E. Claus...... 

C. H. Wing ........000- 
R. H. Lee .....-. 

W. Hampe 
P. Liechti and B. Kempe.... 


BP. F, GaP Oss cece cccccascce 
H, F. Weber.... 
W. F. Hillebrand.......... 
J. Emerson Reynolds ..... 
K. Seubert.... 

M. Berthelot ...... ssevees 
W. Te, Wille cccccdcccctcss 
L. F. Nilson . 
L. F. Nilson and O. Detiemnen 
F. Pfeifer .... 
O. W. Huntington ........ 


eeeeeeresese 


. «. 1860-63 


1861 
1861 


So far, only names and dates have been ‘given, in view of the fact 
that up to 1882 all the work previously done on atomic weight 
determinations has already been thoroughly well colieated, reported 
on, and discussed in certain works devoted to this subject in gencral 


form. 


Anyone who may have need of detailed information can find 


it, with copious references to original authorities, in the following 


Collective Discussion of Atomic Weight Determinations. 


W. A. J. Van Geuns—Proeve eener Geschiedenis van de Aiquiva- 
lentgetallen der Scheikundige Grondstoffen en van hare Soortelijke 
Gewigten in Gasvorm, voornamelijk in Betrekking tot de vier 


Grondstoffen der Bewerktuigde Natuur. 


Amsterdan, 1853. 
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E. Mulder—Historisch-Kritisch Overzigt van de Bepalingen der 
A yuivalent-Gewigten van 13 Eenvoudige Ligchamen. Utrecht, 
1853. 

L Mulder—Historisch-Kritisch Overzigt van de Bepalingen der 
Aiquivalent-Gewigten van 24 Metalen. Utrecht, 1853. 

A. C. Oudemans, Jr.— Historisch-Kritisch Overzigt van de Bepaling 
der Alquivalent-Gewigten van Twee en Twintig Metalen. Leiden, 
1853. 

G. F. Becker—The Constants of Nature, Part IV; Atomic Weight 
determinations, a digest of the investigations published since 
1814. Smithsonian Miscellaneous Collections. Washington, 
D.C., 1880. 

F. W. Clarke—The Constants of Nature, Part V; A recalculation 
of the Atomic Weights. Smithsonian Miscellaneous Collections. 
Washington, D.C., 1882. 

L. Meyer u. K. Seubert—Die Atomgewichte der Elemente aus den 
Originalzahlen neu berechnet. Leipzig, 1883, to which may be 
added, though of later date. 

J. Sebelien—Beitréige zur Geschichte der Atomgewichte; eine von der 
Universitit zu Kopenhagen gekriute Preisschrift. Braunschweig, 
1884. 

J.D. Van der Plaats—EHssai de calcul des poids atomiques de M. 
Stas—Annales de Chimie et de Physique [6], 7 (1886), 499. 
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In order to carry on the record of the literature of atomic weight 
determinations since the appearance ‘of the important works of 
Becker, Clarke, and Meyer and Seubert, the following list of 
references has been prepared, quoting in each case the original Erp 
as far as known. 


Papers on Atomic Weight Determinations since the Beginning of 1882. 
(Including some Papers of a Physical Character bearing on 
Atomic Weights.) 


1882. 
Thorium.... LL. F. Nilson ........ Berichte d. deutsch. chem. Gesellschaft, 15, 
2527. 
Lanthanum... B. Brauner Jour. Chem. Soc., Feb., 1882, 75. 
Didymium .. ; : Jour. Chem. Soc., Feb., 1882, 75.— Wien 
Akad. Ber., 86, June, 1882. 
Rubidium .. Ch. F. Heycock...... Beibl. z. d. Ann. d. Phys. «. Chemie, 6, 
838.—Nature, 26, 444. 
Zttrium =2=««. «OFC. T. Glowe ....... Comptes rendus, 95, 1225. 
1883. 
Didymium.. P.T.Cleve ........ Gfrersigt af. K. Sv. Vetensk. Akad: For- 
handl., 1883, No. 2, 23. 
Samarium .. P.T.Cleve ........ Ofrersigt af. K. Sv. Vetensk. Akad. For- 
handl., 1883, No. 7, 17. 


Bismuth .. 

Manganese .. 
Zinc 
Magnesium. . 
Copper «+. 
Zine 
Nickel...... 
Beryllium .. 
Antimony .. 


Aluminum .. 
Titanium .. 


Tellurium .. 


Didymium .. 
Molybdenum 
1884. 
Cerium .... 

Platinum 


Chromium .. 
1885. 

Carbon 

Phosphorus. . 


eee 


Beryllium .. 
Titanium 
Cerium .... 


Oxygen .... 
* 1886. 
Uranium .. 
Germanium 


Germanium 
Antimony .. 
Cerium .... 
Nickel 
Cobalt 
Tungsten - .. 
Gold 


eeeerve 


1887. 
Fluorine .... 
Oxygen ... 


Silver ...... 


Copper .... 
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le. Marignac ceverene 


oe H. Baubigny 


T. S. Humpidge...... 
J. Bongertz ...... 


H. Baubigny .. 
T. E. Thorpe ....... 


B. Brauner 


B. Brauner 
Otto von der Pfordten 


H. Robinson .....«..- 
W. Halberstadt...... 


H. Baubigny ........ 


J. D. van der Plaats .. 


Humpidge .... 
Thorpe ....+++ 
rauner..... eeeee 


T. 8. 
T. E. 
B.B 


Agamennone .....++ 


C. Zimmermann .... 
C. Winkler «......0. 


Lecoq de Boisbaudran 
A. Popper .....e-e- 
H. Robinson .. 


} C. Zimmermann.... 


J. Waddell 
G. Kriiss........ 


. Christensen ... 


}w. N. Shaw teen ewes 
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Archives des sciences phys, et nat. [3], 
10, 5 and 193, 


Comptes rendus, 97, 854, 906 and 951. 


Proc. Roy. Soc., 35, 137. 

Berichte d. deutsch. chem. Gesellschaft, 
16, 1942. 

Comptes rendus, 97, 1369. 

Proc. Roy. Soc., Nov. 22, 1888—Chem, 
News, 48, 251. 

Prot. i. J. d. russ. phys. chem. Gesellisch., 
1883 (1), 483—Berichte. d. deutsch. 
chem. Gesellschaft, 16, 3055. 

Jour. Chem. Soc., June, 1883. 

Inaugural dissertation, Giessen, 1883, 


Chem. News, 50, 251. , 

Berichte d. deutsch. chem. Gesellschaft, 
17, 2962. 

Comptes rendus, 98, 143. 


Comptes rendus, 100, 52. 


Proc. Roy. Soc., Mar. 5, 1885. 

Jour. Chem. Soc., 47, 108. 

Jour. Chem. Soc., 47, 879—Sitzungs- 
berichte d. kaiserl. Akad. d. Wissen- 
schaften in Wien, II Abth.; 92, 814, 

Atti dei Lincei, 1885. 


Annalen d. Chemie, 232, 273. 

Journ. fiir prakt. Chemie {N.F.], 34, 
202. : 

Comptes rendus, 108, 452. 

Annalen d. Chemie, 238, 153, 

Chem. News, 54, 229. 


Annalen d. Chemie, 282, 324, 


Amer. Chem. Journal, 8, 280. 

Annalen d. Chemie, 238, 2414-— Berichte d, 
deutsch. chem. —row 20, 205 and 
2355—21, 126. 


Journ. fiir prakt. Chemie [N.F.], 35, 547. 
Berichte d. deutsch. chem.. Gesellschaft, 
20, 2323. 


Phil. Mag. [5], 28, 138. 
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Thorium.... G. Kriiss and L. F. Berichte d. deutsch. chem. Gesellschaft, 
Nilson. 20, 1665. 
Oxygen .... J. P. Cooke and T. W. Proc. Amer. Acad. Arts and Sci., 28, 149 
Richards. —Amer. Chem. Jour., 10, 81. 
Gold ...... T.E.Thorpeand P. A. Jour. Chem. Soc., 51, 565. 
Laurie. 
Silicon...... T.E. Thorpe andJ.W. Jour. Chem. Soc., 51, 576. 
Young. 
Copper .. T. W. Richards...... Proc. Amer. Acad. Arts and Sci., 22, 342. 
Zinc ...... H.C. ReynoldsandW. Jour. Chem. Soc., 51, 854. 
Ramsay. 
Oxygen .... A.Scott ............ Proc. Roy. Soc, 42, 396—Proc. Brit, 
Assoc., 1887, 668. 
1888. 
Osmium.... K. Seubert ........ Berichte d. deutsch. chem. Gesellschaft, 
21, 1839—Annalen d. Chemie, 261, 
257. 
Oxygen .... J.P. Cooke and T. W. Proc. Amer. Acad. Arts and. Sci., 28, 
Richards. 182. 
Zinc ...6e.. H.N.MorseandW.M. Amer. Chem. Journal, 10, 311. 
Burton. 
Platinum ..) W. Dittmar and J. Trans. Roy. Soc. Edinburgh, 33, II, 
Rubidium .. McArthur. 561. 
Copper .... T. W. Richards .... Proc. Amer. Acad. Arts and Sci., 28, 177. 
Tin ........ J. Bongartz and <A. Berichte d. deutsch. chem. Gesellschaft, 
Classen. 21, 2900. 
Oxygen .... Lord Rayleigh ...... Proc. Roy. Soc., 43, 356. 
Oxygen .... A. Scott ..........+. Proc. Brit. Assoc., 1888, 631—Nature, 
37, 439. 
cal fe }s. M. Crafts ........ Comptes rendus, 106, 1662. 
1889. 
Zinc ...s.. J. H. Gladstone and Jour. Chem. Soc., 56, 443. 
W. Hibbert. 
Palladium .. E. H. Keiser ........ Amer. Chem. Journal, 11, 398—Jour. 
Franklin Institute, 1889. 
Chromium .. 8. G. Rawson........ Jour. Chem. Soc., 55, 213. 
Gold ...... J. W. Mallet Phil. Trans., 1889, A, 395. 
Tellurium .. B. Brauner........ Jour. Chem. Soc., 54, 382—Sitzungs- 
berichte d. kaiserl. Akad, d, Wissen- 
schaften in Wien, 98, Abth. IT b. 456. 
Zirconium .. C.H. Bailey ........ Proc. Roy. Soc., May 9, 1889—Chem. 
News, 60, 6. 
Oxygen .... W.A. Noyes........ Amer. Chem. Journal, 11, 155. 
Beryllium .. G. Kriiss and H. Annalen d. Chemie, 262, 38. 
Moraht. 
Ruthenium... A.Joly ........+.++ Comptes rendus, 108, 946. 
Oxygen .... J.P. Cooke ......+. Proc. Amer. Acad. Arts and Sci., 24 
(1889)—Amer. Chem. Journal, 11, 509. 
Oxygen .... Lord Rayleigh ...... Proc. Roy. Soc., 45, 425. 
1890. 
Bismuth.... A. Classen .......... Berichte d. deutsch. chem. Gesellschaft. 
23, 938. 


MALLET: STAS MEMORIAL LECTURE. 


Iridium .... A. Joly sssccssccees 

Magnesium... W. M. Burton and 
L. D. Vorce. 

H. Moissan.... 

E. A. Partridge 

C. Meineke 

K. Seubert and K. 
Kobbé. 

W. A. Noyes ..se.eee 

E. W. Morley......+ 

T. W. Richards ...... 


Fluorine .... 
Cadmium .. 
Chromium .. 
Rhodium .. 


Oxygen .... 
Oxygen .... 


Copper .... 
1891. 


Oxygen .... 


eseeeere 


W. A. Noyes ....... . 
Copper .... TT. W. Richards...... 
Oxygen .... E. W. Morley 
1892 (to Nov. Ist). 
Cadmium .. H.N. Morse and H.C. 
Jones. 
H. D. Richmond and 
Hussein Off. 


}e. Schiitzenberger.... 


W. 8S. Lorimer and E. 
F. Smith. 

, =r 

Lord Rayleigh ...... 

J. L. H. Abrahall .... 

G. H. Bailey and Th. 
Lamb. 

W. Ramsay and Emily 
Aston. 

H. F. Keller and E. F. 
Smith. 


Masrium (?) 


Nickel... eeee 
Cobalt .... ee 
Cadmium .. 


Oxygen .... 
Oxygen .... 
Boron ...... 


Palladium .. 
Boron eeeeee 


Palladium .. 
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Comptes rendus, 110, 1131. 

Amer. Chem. Journal, 12, 219—Chem, 
News, 62, 267. 

Comptes rendus, 111, 570. 

Amer. Jour. Sci. [3], 40, 377. 

Annalen d. Chemie, 261, 339. 

Annalen d. Chemie, 260, 314, 


Amer. Chem. Jour., 12, 441. 
Amer. Chem. Jour., 12, 460. 
Proc. Amer. Acad. Arts and Sci., 25, 195. 


Amer. Chem. Jour., 18, 354. 
Proc. Amer. Acad. Arts and Sci., 26, 240. 
Amer. Jour. Sci. [3], 41, 220 and 276. 


Amer. Chem. Journal, 14, 261. 


Jour. Chem. Soc., 61, 491. 


Comptes rendus, 114, 1149. 


Zeitschrift fiir anorganische Chemie (G. 
Kriiss), 1 (1892), 5, 364. 

Comptes rendus, 115, 41. 

Proc. Roy. Soc., Feb. 18, 1892. 

Jour. Chem. Soc., 62, 650. 

Jour. Chem. Soc., 62, 745. 


(Brit. Assoc. Adv. Sci., Edinburgh) —Chem. 
News, 66, 92, Jour. Chem. Soc. 
Amer. Chem. Jour., 14, 423. 


Present prospect for future work in regard to Atomic Weights and 
their Determination, and objects of which the attainment seems 
' desirable in respect to the Determination of Atomic Weights. 
The scientific outlook in this direction, viewed from the standpoint 
of our knowledge at present, may be briefly noticed as respects the 
objects to be aimed at and the methods to be pursued. 
1. Though the skill and care bestowed by Stas upon his experi- 


ments may well seem to render any repetition of them by others 
needless, he himself, at the end of his great paper of 1865, expressed 
the earnest wish that some other chemist, of sufficiently well estab- 
lished scientific authority, would take the trouble to check by 
repetition some one at least of his fundamental results,* and in closing 
his paper of 1881+¢ he repeats and emphasizes this wish. It is much to 


* Mémoires de l Académie Royale de Belgique, 35, 305. 
+ Ditto, 42, 65. 
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be desired that his appeal shall not remain without response.. There 
is little doubt that a repetition of his work would but’serve to 
enhance our confidence in its accuracy. 

2. It is eminently desirable that the work which Stas did for a 
few of the elements be extended to the entire list of those known. 
Viewed in a purely scientific light there should be no distinction 
‘made between common and rare elements; all sre equally entitled to 
careful study. Furthermore, on account of the mutual character of 
combining proportions, the list of elements should be treated as a 
consistent whole; the greater the number of well determined atomic 
weights we have, the more easily can others be obtained and checked. 
A less common element may present peculiarities of behaviour fitting 
it better than others more abundant. for comparison with new 
material for experiment, as is illustrated by the superior advantages 
of the brémides over the chlorides for accurate determination of the 
halogen as compared with that with which it is combined. 

3. Certain of the elements particularly call for a more searching 
and exact investigation of their atomic weights. A -prominent 
example is presented by tellurium ; Brauner’s work suggests most 
‘ittractively a possible explanation of the want of harmony between 
the undoubted place of this element in the Mendelejeff classification 
and its atomic weight as determined by experiment, but we have no 
right to assume the presence as an impurity of an as yet unknown 
substance of higher atomic weight without having any direct proof 
that such a substance exists. As another instance, which does not 
Seem to have been heretofore noticed—out of the numerous résearches 
on the atomic weights of nickel and cobalt some have given practi- 
cally identical results for the two metals, while the general tendency 
of the remainder has been to assign to cobalt a rather higher atomic 
weight than to nickel; yet on comparing the properties of the three 
sets of tetrad and octad metals which compose Mendelejeft’s eighth 
group, viz., Fe, Co, Ni—Ru, Rh, Pd—Os, Ir, Pt, cobalt plainly 
occupies the intermediate place between iron and nickel, and should, 
therefore, be expected to possess an intermediate atomic weight, as 
has been shown by recent investigation to be true of rhodium and 
iridium in the two sets of platinum metals. Another element of 
which, on various grounds, it is much to be wished that the atomic 
weight should undergo a careful revision is mercury, and the writer 
of this paper has some time ago made a beginning of work in this 
direction, but the task has already proved itself to be one of much 
difficulty. 

4, There are several atomic weights for which we have numerous 
and concordant data, but these depend almost entirely upon a 
single interaction. Thus the value for iron rests practically upon 
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the conversion of the metal into ferric oxide or the converse. In the 
same Way, humerous experiments to establish the relation between 
oxygen and hydrogen have been made by the process—rendered 
classic by Dumas—of passing hydrogen gas over heated cupric oxide. 
It is desirable that in such cases other and independent methods should 
be resorted to. Even if the principle adopted remain the same, a 
change in the nature of the particular sabstances used would tend to 
detect possible constant errors; it would be well to repeat the 
quantitative production of water from hydrogen with the oxides of 
several other elements than copper, say lead, tin, vanadium and 
tungsten, severally. 

5. 1t is eminently desirable that an attempt be made to determine 
directly the ratio between the atomic weight of hydrogen and that of 
each of the halogens, without in any way bringing in the atomic 
weight of oxygen. This would undoubtedly be a difficult undertaking, 
but a successful result would be of great value, both as opening up 
an easy road by which to connect the atomic weights of many of the 
electro-positive elements with that of hydrogen, through chlorine, 
bromine, &e., instead of through oxygen, and as affording an 
important control upon the value for the last-named element itself. 
Various methods suggest themselves as possibly available, but they 
would have to be carefully studied before deciding on their feasibility. 
Thus hydrogen might be passed over heated chloride or bromide of 
silver, with an arrangement for collecting (perhaps by solid potash) 
the hydrogen chloride or bromide formed, weighing the original 
salt, the collected hydride, and the residual silver.* A serious objec- 
tion to this arises from the great difference between the weight of the 
hydrogen and that of the halogen with which it combines. Again, a 
method might be tried analogous to one used by the writer of this 
paper in determining the atomic weight of gold, namely, to ascertain 
the volume of hydrogen liberated by a known weight of zinc from 
sulphuric acid used in small excess and to compare with this the 
volume of hydrogen obtained from the same materials in presence of 
a known weight of silver chloride, the latter completely reduced to 
metal and weighed, leaving a measurable surplus of free hydrogen, 
the ratio of silver to chlorine assumed to be already accurately known. 
Or, conceivably, the direct ratio of chlorine to nitrogen might be 
determined in NCI; (if the absence of hydrogen were fully estab- 


* Possibly a synthesis in opposite form might be effected by evolving ehlorine - 
from aurous or platinous chloride by heat, passing the gas over spongy palladium 
charged with hydrogen (removing surplus chlorine afterwards from the residual 
palladium by ignition in a Sprengel vacuum), collecting the hydrogen chloride 
formed, and determining in it any free chlorine by Bunsen’s iodometric, or some 
other equivalent, method. 
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lished), that of chlorine to carbon in CCl,, of chlorine to phosphorus 
in PCl, or PCl;, and then the analysis be made of compounds 
containing these elements plus hydrogen, such as NH,Cl, C,H,C\,, 
and PH,Cl; this would enable the difference in weight between 
hydrogen and chlorine to be diminished, selecting compounds contain- 
ing several atoms of the former. Or, once more, without getting rid 
altogether of the influence of the atomic weight of oxygen, but 
reducing materially this influence, parallel analyses might be made 
under the same conditions, by the ordinary combustion process, of a 
hydrocarbon with a considerable and well ascertained number of 
hydrogen atoms—say, C;H,,—and of a mono-chlor derivative from 
the same, such as C;H,;Cl; this would still further diminish the 
disproportion between the quantities of hydrogen and chlorine. In 
the same line of investigation, avoiding the relation to oxygen of the 
elements concerned, it would be well to determine the ratio of 
carbon to nitrogen in a metallic cyanide, as for example in the 
cyanide of silver, and thus connect carbon and nitrogen with hydrogen 
by the analysis of an alcoholic cyanide or carbamine. 

6. The experiments of Stas aiming directly at a settlement of the 
question whether the atomic weight of an element is really a con- 
stant quantity, may be fairly considered to have decided that such 
absolute constancy of value exists, and this conclusion is on the whole 
supported by the great mass of accumulated evidence drawn from the 
researches of others. But we have one group of elements, that of 
which so-called yttrium is the type, which almost seems to present 
an exception to the rule. So similar in properties, and so hard to 
separate, are these substances that, although the rest of our list of 
elements is clear and in good order, here we find apparently hopeless 
confusion. No one can say how many of these yttrium metals there 
are, no two chemists agree fully as to the identity of any one pf them 
in a state of purity, no two sets of experiments give thoroughly 
constant atomic weights, and, in spite of all the labour bestowed by 
able chemists of recent years upon the group, it remains the oppro- 
brium of inorganic chemistry. To clear up this anomaly, and to 
obtain from this group at least some elementary substances of really 
definite character, and presenting fixed and well determined atomic 
weights, is one of the problems remaining to be solved. Some, but 
mach less, doubt of the same sort hangs over didymium and its 
associates, cerium and lanthanum. 

7. It would be well to submit to the test of experiment, by means 
as refined as those employed by Stas, the question of the absolute 
exactness of the well known “law of multiples ””—to ascertain, for 
instance, whether, for the same quantity of mercury, the quantity of 
chlorine in corrosive sublimate is precisely twice as great as that in 
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calomel; whether, for a given amount of copper, cupric oxide con- 
tains exactly twice as much oxygen as cuprous oxide, &c. This may 
seem superfinous, and indeed to assume that the law is not rigidly 
trve is to shake the foundation of the whole of the Daltonian atomic 
theory. But, remembering what pains Stas was willing to take in 
order to place the constancy of the atomic weights upon a basis of 
direct experimental evidence, it may be permissible to suggest this, 
which is in reality but another form of the same question. 

8. In considering the state in which Stas’ labours have left the 
much debated question of the validity of Prout’s hypothesis, with its 
weighty consequences, it may be admitted that in one sense the 
question—t.e., the question in its original form—has by Stas been 
settled, and yet it may be considered that this has only led to the 
substitution of a new question for the former one. If we observe the 
nearness with which a large proportion of the best determined 
atomic weights approach to integer multiples of the hydrogen unit, 
we may imagine two different explanations of the fact, without 
having recourse to the idea—shown by the calculus of probabi- 
lities to be a very improbable one—that this is purely the result of 
chance. On the one hand, it may be supposed that undiscovered 
sources of constant errors vitiate the results of our best experiments, 
and that, if these sources of error could be discovered and eliminated, 
the numbers representing atomic weights on the scale of the 
hydrogen unit would turn out to be really integers. This supposi- 
tion cannot, in the nature of things, be pronounced an impossible 
one, but it appeals not to what we know, but only to what we may 
conceivably know in the future and do not know now. It may 
be reasonably said that probability is against the idea of any 
future discovery in regard to chlorine, or in regard to the methods 
by which its atomic weight has been determined, ever making 
the value for this element agree with an integer multiple of the 
atomic weight of hydrogen, or of one-half or one fourth of the 
latter. For séveral other atomic weights the divergence is much 
smaller, and might not improbably be removed by the discovery of 
some as yet unsuspected cause of constant error. On the other 
hand, it is conceivable, without any assumption of error in the values 
as we have them for a number of the elements, that some secondary 
cause may be involved which modifies, ‘or masks the simplicity of, 
a really underlying relation. If this be admitted, the search for 
such a secondary cause, to account for the many cases of near 
upproach to integer numbers on the hydrogen scale, is undoubtedly a 
worthy divection of effort. In any case, one can scarcely Jook over 
a list of our best determined atomic weights, and notice the numbers 
which are being added to this list in the progress of research, without 
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feeling a strong curiosity on the subject of the close approach of 90 
many of these values to the integer multiples called for by the rejected 
hypothesis of Prout. 

9. Lastly,—out of the numerous attempts in the past to trace 
numerical relations among the atomic weights of the elements, we 
have seen emerge a successful and important result. Foreshadowed 
by the earlier ideas of De Chancourtois and Newlands, Mendelejeff’s 
“ periodic law ” has manifestly given us a rational classification of 
the elements, based upon an essential relation between their atomic 
weights and their other properties. But nearly all that has been 
‘written in regard to this relation bas so far referred to it in a very 
general form, involving the use of roughly approximate atomic 
weights only. Mendelejeff’s own tables quote oxygen as represented 
by 16, chlorine by 35:5, silver by 108, &c. Is it not time that the 
foundation be laid fora far more minute and critical study of the 
periodic classification of the elements by securing as far as possible 
a more exact knowledge of the atomic weights upon which it rests? 
Stas said, in his memoir of 1865, of Prout’s hypothesis,—* IZ me 
serait par trop aisé de prowver que le chimiste anglais s’est contenté d'\ 
peu Pres, autorisés peut-étre d son époque.” -May we not say now, in 
regard to the study of the elements as related to the “ periodic law,” 
that the day of “a pew prés” has gone by? Anomalies in the classi- 
fication as we now find it in our books, glimpses of more deta:led 
relations than as yet clearly appear, tantalizing suggestiveness in 
so much of what is already before us, call for more precise 
determinations of the numbers we would discuss before we allow 
premature discussion to drift into mere fanciful speculation. 


Methods which it is desirable shall be pursued in the Determination of 
Atomic Weights. 


1. Selection of analytical or synthetical processes—Each interaction 
employed should be as simple and definite as possible, and should 
admit of the materials used, and the products obtained, being had in 
forms adapted to accurate weighing. In each case compounds are to 
be preferred which contain the element of which the atomic weight is 
to be determined united to as few other elements as possible, and these 
with already well ascertained atomic weights. The connection of the 
atomic weight to be determined with the primary unit should be 
established directly, if possible—otherwise, by as short a chain of 
intermediate relations as possible. As many different and independent 
methods as possible should be made use of ; if the results of these lead 
to closely agreeing values for the atomic weight sought, the mean of 
these may be accepted with confidence; if there be difference amongst 
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the values obtained from independent sources, a study of these may 
indicate the direction in which to seek for sources of constant error 
(e.g.—the difference between Stas’ results for the atomic weight cf 
nitrogen, as based on the analysis of silver nitrate and ammonium 
chloride respectively, suggested to him the probable existence of an 
error in the ratio assumed for oxygen as compared with hydrogen). 
Agreement between the results of different analyses was first pointed 
out by Berzelius as the test of accuracy; he applied it, in repetitions 
of the same process, to detect caswal errors; in comparisons of the 
| results of different processes it is the ultimate test for constant errors, 
As an extension of the same principle, methods may well be selected 
which presumably will tend to cause errors, if any, in opposite 
directions; not with a view to taking the mean of the results, and 
assuming it to be accurate, but only in order to increase the likelihood 
of detecting the existence of errors. Whenever possible, the 
“complete analysis” and “complete synthesis” recommended by 
Stas should be carried out; this may be rendered more feasible in 
some cases involving the use of gaseous material by evolving a gas 
from, or collecting it in, a solid form, as for instance in Keiser’s use 
of spongy palladium charged with hydrogen, 

2. Use of pure materials.—The researches of Stas illustrate the 
need for careful and original study of processes by which the 
substances to be used for an atomic weight determination may be 
obtained in a state most nearly approaching purity. In establishing 
the fact of a substance being sensibly pure, recourse may now be had 
to tests far more delicate than were formerly available, such as 
spectroscopic behaviour, phosphorescence in exhansted tubes, electric 
conductivity, and voltaic electro-motive force. Such tests must be 
applied with due caution, that differences of physical structure be not 
confounded with those of chemical nature. The most important 
means, however, of verifying the purity of material, consists in the 
application of fractional methods of purification, and the subsequent 
use of separate fractions, particularly the early and late fractions, for 
experiments from which an atomic weight-is to be deduced, only. 
resting satisfied when these different fractions give results in which 
no constant difference can be detected. 

3. Vigilance in regard to extraneous or accidental causes of error.—In 
the determination of an atomic weight the chemist must be on his 
guard against casual influence upon his experiments of any and all of 
the surrounding conditions. Among matters of this kind calliag for 
attention may be noted the occlusion of gases, especially by the 
metals. Dumas’ detection of occluded oxygen:in silver which had 
been fused and solidified in the air did not to any important extent 
affect the results of Stas, but it arrested attention everywhere as an 
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illustration of a long unsuspected source of error. Beside the long 
known and important cases of gaseous occlusion by the metals of the 
platinum group, among facts of this kind recently observed may be 
mentioned the occlusion of nitrogen by cupric oxide,* of hydrogen by 
metallic copper,f and of hydrogen by nickel and cobaltt (in very un. 
equal quantities by the two metals). The secondary phenomena of 
electrolysis need to be looked into very carefully before applying 
electrolytic methods to the determination of an atomic weight. The 
influence of the gases and vapours of the atmosphere has to be 
constantly kept in mind, as in the tendency to partial exchange of a 
halogen for oxygen when chlorides or bromides are heated in the air, 
the ready absorption of sulphuric acid, carbon dioxide, and ammonia 
from the atmosphere of a laboratory burning coal gas, &c.; in some cases 
the use of electric light and substitution of alcohol or well purified gaso- 
lene (free from the organic sulphur compounds of crude petroleum) for 
coal gas as fuel, may be advisable. The tendency of precipitated 
solids to carry down with them adherent soluble matter, and the 
slight solubility of many substances commonly counted as insoluble, 
must not be overlooked. The limits within which the best glass and 
porcelain of which laboratory vessels are made may be acted upon by 
water, acids and other agents demand attention; among recent 
investigations bearing upon this point may be mentioned those of 
Weber, Saur, Mylius and Foerster.§ In cases in which substances in 
the gaseous state are directly weighed, it may even be worth inquiring 
whether the weight can be sensibly affected by the presence of vapour 
of mercury from manometers, of heavy hydrocarbons from vaselene 
used to lubricate stopcocks, or of glycerol employed to prevent leakage 
at connections—McLeod|| approximately determined the vapour of 
mercury in a flask of 1°9 litre containing air in contact with the 
metal at common temperature as ‘09 to ‘12 of a milligramme, this 
result being intermediate between the figures found by Hagen and 
Hertz; this on Lord Rayleigh’s weighing of *15358 grm. for about 
the same volume of hydrogen would be ‘06 to ‘08 per cent., or would 
change the resulting value for the density of oxygen from 15°884 to 
15°894 or 15°897— in all probability the circumstances of contact with 
the mercury or other vaporisable material would make such a 
correction practically quite immaterial, and the suggestion may 
perhaps be looked upon as a merely speculative refinement, but the 

* T. W. Richards—Proc. Amer. Acad. Arts and Sci., 26 (1891), 281—291. 

+ A. Leduc—Comptes rendus, 115 (1892), 42 and 48— Bulletin de la Soc, Chim, 


de Paris, 5 Mars, 1892, 144, 
t G. Neumann and F, Streintz—Bulletin de la Soc. Chim. de Paris, 20 Aott, 


1892, 678. 
§ Berichte d, deutsch. chem. Gesellschaft, 25 (1892), 70, 97 and 2494. 
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chemist in pursuit of an atomic weight must take nothing for 
grauted; he must be, like Pyrrho or one of his disviples, épextices te 
cai Cnty TKO. 

4. Choice as to the quantities of materials to be used—While this 
must depend in some degree upon the means of weighing at command, 
and upon the conditions of each reaction adopied, there are some 
decided advantages in working upon a scale a good deal larger than 
that common in everyday analytical processes; this was recognized 
and acted upon by Stas. An important point to be looked to is that 
there shall not be a very great difference between the weights of two 
substances to be determined when we wish to get the combining 
ratio between them ; theoretically it would be best that the weights 
of the two should be approximately equal—it was this consideration 
that led the writer to adopt as one of the methods for determining 
the atomic weight of gold the ignition of trimethyl-ammonium auri- 
chloride, since this salt contains about 50 per cent. of metallic gold. 
The plan of using large quantities of interacting substances, one of 
them in small excess, and after interaction determining the exact amount 
of that excess, is one of great value, and has already been referred 
to as first employed by Pelouze and adopted by Stas. By evaporation 
toa small bulk of a residual liquid containing the small excess of 
the substance to be finally determined, the delicacy of this method 
may be further increased. In some cases the nature of the process 
may be more favourable to the attainment of accurate results with 
large, in others with small quantities. Hence it is best to use both 
large and small quantities, calculating out the results separately, and 
noting any tendency to constant difference between them. 

5. Practical precautions as to accuracy in manipulation.—The gen- 
eral nature of these precautions is of course quite the same as in 
ordinary chemical analyses, but they need to be carried out with a 
minuteness quite unusual. All mechanical operations should be 
made as simple as possible. Transfers of material from one vessel 
to another should be ayoided whenever they can be dispensed with. 
Filtration is an undesirable process. Processes involving the escape 
of gas from a liquid should be carried out in closed vessels, or in 
vessels provided with suitable tubes and bulbs to catch any of the 
liquid carried off in the form of fine spray. Like precautions are 
necessary in the evaporation of a liquid, a process which can be 
carried on with very fair rapidity in a closed vessel, warmed from 
without, and through which a steady current of purified and dust- 
free air (or other suitable gas) is drawn without allowing it to bubble 
through the liquid. In the ignition of svlids also, when volatile 
matter has to be driven off, special precantions are required to prevent 
mechanical loss of mmute particles of the solid. Stas’ arrangements 
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for observing the end of the precipitation of a haloid salt of silver 
furnish a good example of attention to optical details, 

6. Precautions in regard to weighinys.—As a matter of course, the 
balances used should be of the best construction, kept in thoroughly 
good order, and tested from time to time as to their fulfilment of the 
well known essential conditions. The weights should in all cases be 
personally checked by the chemist himself as to their agreement 
among themselves, and the real value of each piece determined in 
terms of some one of them. In cases requiring the nse of so-called 
absolute weights a comparison with some well authenticated standard 
will be necessary ; best in a public office of the first class, not trusting 
to the alleged standard of an instrument maker, and in such cases 
the exact chain of comparisons with the prototype standard of mass 
should be reported. Weighings should be made by the method of 
oscillations, and referred in all cases to a vacuum, either by actual 
weighing in empty space or by due correction for the volumes of 
displaced air in the condition existing at the time of the weighing. 
Nothing in connection with the use of the balance demands more 
scrupulous attention than the hygrometric condition of everything 
concerned. The use of an enclosing vessel, always the same, to 
contain both materials to be weighed and their immediate receptacles, 
such as crucibles, tubes, &c., counterpoised by another similar vessel, 
of exactly the same size and character of surface, is a practice 
having notable advantages. 

7. Measurement by volume of liquids or gases.—The employment 
of vessels nicely adapted in size and form to the requirements of each 
special case, and calibrated, or having their calibration carefully 
checked, by the chemist himself, is highly important. The greatest 
difficulty encountered is that of accurately determining temperature, 
In the case of considerable volumes of gas this difficulty is very 
serious, and it requires but a little simple calculation to show bow 
gravely an atomic weight, when based on results derived from gaseous 
measurement, may be vitiated by apparently small errors in the 
ascertainment of temperature. 

8. Calculation of results—It should be needless to say that the 
original facts of experiment are always to be reported in full detail, 
so that they may be afterwards used by anyone, in any form of 
calculation, and irrespective of any changes that may be made in 
other atomic weights. Two different methods of calculation have 
been chiefly used. In the one, the ratio between two substances com- 
bining or separating from each other is calculated independently for 
each single experiment made, and the method of least squares then 
applied to determine a mean value for the ratio, and the probable 
error of this mean, In the other, the results of all the individual 
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txperiments are added together on each side, and the ratio deduced 
directly from the sums of the quantities of materials thus shown 
to have combined or separated. The latter method, adopted by 
Meyer and Seubert in their recalculation of the atomic weights of 
the elements, is probably to be preferred, not merely because it gives 
wuch less trouble, but because constant errors are nowadays so much 
more important than casual or fortuitous errors, that the method of 
least squares, which only properly applies to the latter, is out ef 
place. As the absolute quantities of material used may in some 
cases tend to influence the results obtained, perhaps the best 
plan is to apply Meyer and Seubert’s method separately to different 
series of experiments, namely to those involving large and to those 
involving small quantities of material—observing the degree of accord- 
ance of the results thus obtained. Of course the degree of concordance 
among individual results should always be exhibited. The most im- 
portant question in connection with the calculation of results for any 
single atomic weight is that of the values to be assumed for the other 
atomic weights involved. It should always be stated what values 
for these have been assumed, but there remains the question how 
far the assumptions made are justified by all of our knowledge 
on the subject, and what influence these assumptions have upon 
the conclusion reached in the particular case in hand. Manifestly 
the list of elements should in principle be treated as a consistent 
whole, and from all the combining proportions among them which 
have been determined the most probable value for a/i the atomic 
weights should be calculated. The difficulty in the way of doing this, 
however, lies in the fact that our available data are all to some extent 
vitiated by errors, partly constant, partly fortuitous in character, and 
we are without means of separating the two classes—search for 
constant errors presupposes elimination of casual errors, and the 
attempt to properly distribute casual errors, and by the calculus of 
probabilities to ascertain the most probable value in each case, and 
its degree of probability, presupposes the elimiuation of constant 
errors. The principle in itself, however, is clearly correct of obtaining 
by the best means available as many independent ratios as possible 
for the combining quantities of as many elements as possible, and 
then discussing together the conclusions to be drawn from all of these 
as ‘to the atomic weights of the elements in question. Professor 
F. W. Clarke, of Washington, D.C., undertook several years ago a 
general discussion on this principle of all existing data for atomic 
weights, but he has become convinced that there is too much uncer- 
tainty as to the relative confidence to be placed in the different data 
now available to admit of carrying out the undertaking in full. He 
says in a letter of recent date to the writer of this paper,—‘ At 
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present the data are not full enough or good enough for the general 
solution of the problem, which would involve dealing with normal 
equations containing at least 70 unknown quantities. It is, however, 
possible to apply the method to selected groups of ratios, such as 
Stas’ ratios involving Ag, K, Na, Li, Cl, Br, I and S; and the result 
of the discussion ought to be the best result attainable. The method 
may also be used in the manner which I indicated yesterday, so as to 
furnish a criterion of accuracy in the case of a single element, such 
as P, Cr or Au.” This important matter has been more fully 
noticed by Professor Clarke in a published paper “On the question 
of concordance in atomic weight determinations ” in the American 
Chemical Journal, 13 (Jan., 1891), 34.* As the basis for a gen- 
eral revision of atomic weights we need a large ‘accumulation of 
experimental data, all fairly comparable with each other on the 
ground of care and precision in their determination. This naturally 
leads to another suggestion, offered by the writer with diffidence, yet 
believed by him to be worthy of careful consideration. 

9. Advantage to be derived from the application of greater working 
force and ampler means than can be commanded by private individuals 
to the determination of atomic weights.—The investigation of atomic 
weights requires special aptitude, and special training, on the 
part of the chemist, calls for special and often costly apparatus 
and material, is very toilsome, and very consumptive of time, and 
demands exemption from frequent interruption, and from sur- 
rounding conditions unfavourable to accuracy of work. There are but 
few individuals altogether favourably placed in these respects; they 
cannot singly accomplish a great deal, and, working apart, they waste 
much time and labour on preparations in duplicate for separate 
researches, which might quite well answer their purposes in common 
if they were associated in a single laboratory; results so obtained, 
moreover, are compared with difficulty as data for calculation, since 
the conditions of experiment, and the weight to be given to the 
results ave almost always more or less different. May it not reason- 
ably be asked whether a liberal portion of such funds for research 
as are administered by the Chemical and Royal Societies would not 
be well applicd if devoted to the establishment of a laboratory, and 

* The importance and the difficulty of obtaining concordant results for an 
atomiv weight whe. combining ratios in various directions are employed has been 
fully recognized by Stas. In the early part of his first great paper’ he says,— 
‘* Jose affirmer, san crainte d’étre démenti, que tout chimiste qui s'est livré a des 
recherches sur le poic’s des atomes, 8'IL A VARIE SES METHODES, s'il a cherché le 
poids de Vatome dun corps en fonction du poids de V'atome de deur ou de trois 
corps différents, a rencontré les mémes difficultés, les mémes contradictions. Aussi 
ai-je éprouvé pendant longtemps bien de pénibles perplerités.” Bulletin de 
P Académie Royale de Sciences de Belgique, 10 (1860), 211 and 212. 
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the support for a few years of a small corps of competent chemists, 
for the sole purpose of thoroughly revising the whole list of atomic 
weights, with every precaution that could be devised to secure 
accuracy ? If this were done, specially devised and constructed 
rooms might be made to afford conditions—particularly atmospheric 
conditions—far more favourable than can usually be found in a 
general laboratory. Expensive apparatus could be provided freely, 
in view of the economy due to repeated use in connection with 
different researches of such appliances as vacuum balances with 
electro-magnetic arrangements for shifting the weights, large vessels 
of platinum or gold, calibrated vessels of superior accuracy, glass 
apparatus constructed with carefully ground joints instead of india- 
rabber connections, &c. Rare and costly materials might be com- 
manded to an extent beyond the means of most individuals. Analysts 
naturally fitted for such delicate work should be secured, for not to 
everyone is given the manipulative skill of a Berzelius or a Stas; 
constant practice in the same line of work woald train their eyes 
and fingers to a degree rarely attained in connection with ordinary 
research; by exchange of parts in the same investigation their 
personal errors might be eliminated, or at any rate detected ; and, 
having no other duties, their time would be used in the most advan- 
tageous way, while they would be free from interference by the work 
of others going on about them in objectionable form. From work 
carried on under such uniform and well determined conditions results 
would be secured comparable inter se on equal terms to an extent 
impossible for the results of individual and unconnected researches. 
As the natural or acquired gift of accurate manipulative skill is not 
always accompanied by equal scientific judgment, the devising of 
methods and general direction of the work would be better left in 
the hands of a committee of the most competent scientific chemists, 
who should also superintend, with needful clerical assistance, the 
calculation and publication of results. The actual results of experi- 
ment should of course be published in the most minute detail, and 
should from time to time be made the subject of general discussion 
before the Chemical Society, or some other public scientific body, so 
as to secure suggestions as to possible sources of error, and the 
means of detecting or removing them. 

No utilitarian advantage could be expected from the adoption of 
such a plan; most of the atomic weights are already known with an 
approach to accuracy quite near enough for all ordinary industrial 
purposes, and even for most incidental uses in ordinary laboratory 
practice. But great advantage in a purely scientific point of view 
might be looked for from a really exact determination of the one set 
of purely chemical constants. 
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10. Final form of statement of results.—It seems desirable, if 
general consent can be obtained for such a change of usage, that the 
term “atomic mass” be uniformly substituted for “atomic weight.” 
This has been recently advocated by Prof. G. F. Barker* on the 
sound basis of the desirability that scientific terms common to physics 
and chemistry should have but one uniform meaning. The point is 
perhaps not a very important one for the chemist alone, since he 
rarely has occasion to use the word weight otherwise than as, ina 
slovenly way, synonymous with mass. But everyone admits that 
precision in language conduces to precision in thought, and, although 
the chemist may not very often come into contact with the distinction 
between mass and weight, it is well that he should recognise it. In 
one respect particularly is it advantageous that the proper term shall 
be used fora definite quantity of matter, namely for that quantity 
which constitutes the atom of a given chemical element. Instead of 
the ideas belonging to the time before Dalton, of purely relative 
amounts of indefinitely divisible matter, we have now clear con- 
ceptions of atoms, having constant mass for the same element, of 
determinable difference of mass in the case of different elements, the 
several masses and numbers of which regulate the composition of 
all known substances and the products resulting from interaction 
among them. The atomic theory has advanced far beyond the con- 
dition of a mere working hypothesis, on which chemists long stood 
with more or less uncertain feet; but, even if this were not so, con- 
sidering it, to use a common metaphor, only as a scaffold, there is 
no good reason, so long as we stand on it and work from it, that 
we should be careless about tying our scaffold poles and nailing our 
planks. ' 

Farther, and lastly, it seems greatly to be desired that all atomic 
masses shall be expressed in terms of the mass of the hydrogen atom 
taken as unity. For a large part of the present century this has 
been the uniform practice amongst nearly all chemists, but within 
the last few years, since it has been generally admitted that the best 
experimental evidence we have is in favour of a figure for oxygen 
near to, but distinctly less than, 16, when hydrogen is taken as unity, 
several articles have appeared in the scientific journals urging that 
O = 16 be adopted as the basis, and hydrogen be represented by a 
fractional number a little greater than 1. Brauner, Ostwald, Dittmar, 
Noyes, F. P. Venable, and others have taken the ground in question; 
Meyer and Seubert have vigorously attacked it. This paper—already 
too long—would be still further unduly extended if a full discussion 
were attempted of all that has been said upon the subject. But the 
principal arguments that have been put forward in favour of adopting 

* Presidential Address to the American Chemical Society, 1891. 
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as a basis (we cannot correctly call it a “unit,” though that term 
has been applied to it) O = 16 may be summed up in a few words. 
It has been said that most of our values for the atomic masses of the 
elements are deduced from experimental dufa involving oxygen, but 
few directly involving hydrogen alone; hence such changes in 
the ratio of O : H as have been made of late years, and any further 
changes of this ratio in the future, must necessitate a re-calculation 
of all or nearly all the other numbers. But we may well hope to see 
the ratio of O: H fixed before long with the greatest attainable 
precision; much has lately been done in this direction by Cooke 
and Richards, Lord Rayleigh, Scott, Morley, Keiser, and others, 
though it is a pity that the methods used have not been more varied. 
And it is yet more to be hoped that other ratios to connect hydrogen 
with the rest of the elements by roads not leading through oxygen 
—such as Cl : H—Br : H—S : H—C : H—N : H—may before long be 
ascertained. Even if change in the value for oxygen should render 
necessary a re-calculation of the whole list, this is no result to be 
very greatly dreaded ; all values dependent upon that of oxygen have 
simply to be increased or diminished by a definite small fraction ; 
this will at any time be easily done, but for most of the purposes of 
the laboratory need not be done at all, since for everyday occasions 
approximate numbers are quite accurate enough. It has also been 
said that if we adopt the basis O = 16 many of the elements will be 
represented by integer numbers, or numbers very nearly approaching 
integers. This argument really cuts both ways, since the change in 
question will make some of the numbers approach more nearly to, 
but others depart more widely from integers. It carries with it, 
moreover, the suspicion of a lingering trust in Prout’s hypothesis on 
the part of some who have proclaimed alond their belief that this 
has been completely overthrown. As far as mere convenience in 
calculation is concerned, the “round numbers” can be perfectly well 
used for most common purposes without thus developing them by a 
formal change in the basis of the system. But the most objectionable 
argument put forth in favour of such change is that all these numbers 
are expressive of ratios only, that any figures are allowable which 
correctly express combining ratios, and that there are no reasons for 
using one set of figures rather than another save mere arithmetical 
convenience. This involves a grave error. In adopting as unity the 
mass of a single atom of any particular element, preferably that one 
of which the mass is the smallest,* we have reason to believe that we 


* It has been said that,“ At present, the atomic masses of the elements given 
in our text-books are all relative, being expressed in terms of that of hydrogen, 
taken as unity. But it is evident that from these relative masses, the absolute 
atomic masses of all the elements can be obtained by simple multiplication so soon 
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express the mass of all the others ir terms of this as a really existent, 
definite, and constant quantity of matter, so that in saying, the 
atomic mass of oxygen is 15°88, we distinctly state our belief that, 
single atom of oxygen consists of 15°88 times as much matter asa 
single atom of hydrogen, but if we say that the atomic mass of oxygen 
is 16, and an intelligent student asks us “ 16 what?” how are we to 
reply? O=1, as Thomson made it, is intelligible; O= 10, m 
adopted by Wollaston, or O = 100, as adopted by Berzelius, is 
merely the same thing in another form; but O=16 is without 
any ground of scientific reason. The suggestion that it be adopted 
is somewhat as if, a métre having long been counted as about 
40 inches long, and a métre bar being a good deal in use for 
actual measurements, the true ratio between the métre and the 
inch were ascertained, and it were then proposed to call the métre 
a “ quarantaine ” and define the inch as 1-0151 fortieths of this. The 
analogy is not perfect, but illustrates not unfairly the confusion of 
thought in regard to units of measurements. In all really scientific 
use of the numbers representing the atomic masses of the elements, 
they should be referred to some one of them, preferably to that of 
hydrogen, as to a natural unit. The adoption of any other basis 
tends to confuse the consideration of any natural relations between 
these constants, as has been pointed out by Stas himself in reference 
to the hypothesis of Prout; numbers which on the basis of O = 16, 
come very near to integers, cease to do so when H is taken = 1, and 
O has assigned to it its true value as obtained by experiment. 

In bringing this paper to an end, the writer wishes to express his 
thanks for aid in obtaining or verifying references, to his friends 
Prof. P. De Wilde, of the University of Brussels, Prof. F. W. Clarke, 
of the Chemical Department of the U. S. Geological Sarvey, Wash- 
ington, Prof. Ira Remsen, of the Johns Hopkins University, Baltimore, 
and Prof. A. C. Hale, of Brooklyn, Secretary of the American Chemical 
Society, especially to Prof. De Wilde for valuable assistance in vegard 
to the life and scientific work of Stas. 


as we know the absolute mass of the hydrogen atom,” with a calculation to show 
on certain assumptions, what fraction of a milligramme (itself but the millionth 
part of a kilogramme) represents the “absolute mass” of a hydrogen atom. All 
expressions of mass are relative, but, if we use the term “absolute mass,” to which 
is it more properly applied, the mass of a hydrogen atom, fixed by nature, or tha 
of a certain lump of iridio-platinum, set apart by human governmental decree, and 
stored in the Bureau des archives in Paris ? 
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1l—Magnetic Rotation of Sulphuric and Nitric acids and their 
Aqueous Solutions, also of Solutions of Sodium Sulphate and Inthtwm 
Nitrate. 


By W. H. Perkin, Ph.D., F.R.S. 


Some years ago I brought before the Society an account of deter- 
minations of the magnetic rotation of mixtures of water with some of 
the acids of the fatty series, with alcohol, and with sulphuric acid 
(Trans., 1886, 49, 777), and the results there given showed that in 
the case of the fatty acids and alcohol, their solutions gave rotations 
representing them simply as mixtures of these substances with water. 
Recently (Trans., 1891, 59, 981), an examination of solutions of the 
ammonium salts of the same fatty acids gave similar results. Sulph- 
uric acid, however, behaved in a different manner, the rotations of 
the solutions being less than that of the sum of the acid and water, 
this difference being considerable for small dilutions, but diminishing 
as the amount of water increased. Nitric acid, when diluted, was 
also found to give rotations smaller than the sum of its constituents, 
Professor Ostwald, in this Journal (Trans., 1889, 55, 724), and also 
in his important work on “ Solutions,” pp. 274—279 (English 
Edition, 1891), refers to these results, and considers that the rotation 
of sulphuric acid is decreased by dilution with water on account of 
its separation into its “‘ ions” according to the dissociation theory of 
Arrhenius, and he thinks that a much larger amount of reduction 
in the rotation of this acid would take place in the case of more dilute 
solutions until it would probably amount to about 1-0, and also that 
in the case of nitric acid in dilute solutions, the rotation would be 
extremely small, probably equal to 0°5, 

These predictions and the attention which the subject of solution 
has been receiving of late have induced me to extend my experiments 
on sulphuric and nitric acids, and at the same time to examine solu- 
tions of sodium sulphate and lithium nitrate to see if they behaved in 
a similar manner to the corresponding acids. 

The examination of dilute solutions of these substances was, as 
anticipated, a somewhat laborious undertaking, and, on this. account, 
attention was chiefly directed to the examination of the solutions of 
sulphuric acid, because they have been studied so carefully in refer- 
ence to their other physical properties. The difficulty of these 
determinations is due to the comparative value of the errors of 
observation, and those from all other sources, increasing rapidly 
with the dilution ; as the rotation of the water has to be taken into 
account, the molecular weight of the solution becomes very high, 
whilst the rotatious change but little. In the case of sulphuric acid 
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in the concentrated state, the specific rotation is 0°7785; whilst in 
its solution containing 53°79 mols. of water, the specific rotation of 
the mixture is only 0°9999, although the molecular weight has been 
increased from 98 to 1066°4. In fact, the error increases practically 
in proportion to the dilution, so that if it amounted to 0°02 on con- 
centrated sulphuric acid, it would be about 0°20 on a 10 per cent. 
solution. It is obvious, therefore, that the only way to obtain results 
near the truth with dilute solutions is to take averages of a very 
large number of observations. In doing this, it is desirable that they 
should not all be made at one time, so that errors due to the varying 
conditions of the eyes, and from other sources, may be neutralised as 
far as possible. If possible, it is also best to examine the whole series 
on each occasion, as they. are thus better suited for comparison. 
These precautions have been observed as far as possible in obtaining 
the results given in this paper. 

The number of observations made in the case of sulphuric acid and 
its solutions was 2873, of sodium sulphate 734, of nitric acid 354, 
and of lithium nitrate 264, making in all 4225 observations, 

On account of the number of measurements being so large, the 
results have not been tabulated in the ordinary way, as they would 
occupy a very large amount of space and would not be of any special 
value. Only the strength of the acid or saline solution, its density, 
and the average results of the magnetic rotation determinations have, 
therefore, been given, mention being made of the number of occasions 
on which each was examined and the number of observations the 
average was derived from. 

The solutions were made by mixing weighed quantities of the sub- 
stances and water. With sulphuric and nitric acids, the solutions. 
were also examined by titration. The sodium sulphate solutions 
were verified by evaporating weighed quantities and weighing the 
residue ; the same was the case with lithium. nitrate; this, however, 
was weighed as sulphate, the nitrate being deliquescent. A consider- 
able quantity of each of the weaker solutions of sulphuric acid was 
made, and as their examination extended over several months, the 
densities were taken before and after they had been finally examined, 
so that any slight changes that had occurred, owing to evaporation, 
might be taken into account; the averages of these densities were 
taken as representing those of the solutions used, and in the case of 
sulphuric acid their percentage composition was finally calculated 
from Pickering’s density tables (which also give the expansions, 
Trans., 1890, 57 152).* The results obtained in this way varied 


* My own determinations of the density in cases where comparisons were possible 
agree so closely with Mr. Pickering’s that it was thought quite safe to adopt this 
course. 
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put very little from those originally found. In the case of sodium 
sulphate, determinations of the salt were also made before and after 
examination. 

The following are the results obtained. The total molecular rota- 
tions of the solutions are first given; these represent either the rota- 
tions of the acids and salts they contain in a pure, decomposed or 
dissociated condition plus the water they are dissolved in, or com- 
pounds of these with all or part of the water ; therefore the numbers 
that are next given, namely the rotation of the solution minus the 
water they are dissolved in represent either the rotation of the acids 
or salts in any of the above conditions, or are numbers which show 
the influence on the rotation of the combination of these with water. 
The latter numbers, being much the smaller of the two, and contain- 
ing, practically, all the information required, will be used in this 


paper. 


Sulphuric acid and its Solutions. 


I.—The specimen previously examined (Trans., 1886, 49, 782) was 
found to contain 99°84 per cent. of H,SQ,, and not 100 as was sup- 
posed. For the fresh examination of this acid, Mr. Pickering was 
kind enough to prepare me a specimen which contained 100 per cent. 
and had a density at 15°/15° of 1°88840. 

The magnetic rotations gave— 


Sp. rotation. Mol. rotation. 
0°7762 2°301 
The previous results with 99°84 per cent. acid gave— 
d 15°/15° 1°83904. 


t. Sp. rotation. Mol. rotation. 
20°25° 0°7804 2°315 


These are as close as could be expected. 
The average of all the results is— 


Strength of acid = 99°92 per cent. = H,SO, + 0:004H,0. 
"d:15°/15° 183872. 
t. Sp. rotation. Mol. rotation. 
17°1° - 07776 
Less H,O 


Examined on three different occasions. Average of 104 observa- 


tions. j 
F2 
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II.—H,SO, + 0°1920H, = 96°598 per cent. 
d 15°/15° 1°84264. 


The magnetic rotations gave— 


t. Sp. rotation. Mol. rotation, 
149° 


Examined on two occasions. Average of 72 observations, 
IIl.—H,SO, + 0°368H,0 = 93-663 per cent. 
d 15°/15° 1°83617. 


The magnetic rotations gave— 


t. Sp. rotation. Mol. rotation. 
15°26° 0°8297 
Less H,O 


Examined on three occasions, Average of 120 observations, 


IV.—H,SO, + 1:010H,O = 84349 per cent. 
d 15°/15° 1:77753. 


‘The magnetic rotation gave— 
t. Sp. rotation. Mol. rotation. 
16°85° 0°8814 3°204 
Less eee 1:010 


2°194 


Examined on three occasions. Average of 118 observations, 


V.—H,SO, + 2°016H,0 = 72'998 per cent. 
d 15°/15° 1°65021, 


The magnetic rotations gave— 
t. Sp. rotation. Mol. rotation. 
169° | 0°9124 4130 
Less H,O...... 2016 


2114 


Examined on three occasions. Average of 108 observations. . 
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VI.—H,SO, + 3°007H,O = 64413 per cent. 
@ 15°/15° 1:155074. 
The magnetic rotations gave— 


t. Sp. rotation. Mol. rotation. 
17°25° 0°9293 5071 
Less H,0 eeeeee 3°007 


2-064 


Examined on three different occasions. Average of 120 observa- 


tions. 
VII.—H,SO, + 3°953H,0 = 57°938 per cent, 
d 15°/15° 1°47966, 


The magnetic rotations gave— 
t. Sp. rotation. Mol. rotation, 
15° 09432 
Less H,O 


Examined on three occasions. Average of 105 observations. 


VIII.—H,SO, + 6:038H,0 = 47°407 per cent. 


d 15°/15° 1°37413. d 86'06°/86°06° 1°36455. 
d 97°81°/97°81° 1°36678. 


(a.) The magnetic rotations gave— 


Sp. rotation. Mol. rotation. 


Examined on seven occasions. Average of 224 observations. 


(b.) The magnetic rotations gave— 


é. Sp. rotation. Mol. rotation. 
90°06° 0°9556 8:949 
Less H,O ...... 6038 


2-011 
Examined on three occasions. Average of 104 observations. 
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1X.—H,SO, + 10°04H,0 = 35°163 per cent. 
d 15°/15° 1°26529. 


The magnetic rotations gave— 


t. Sp. rotation. Mol. rotation. 
15° 11-992 
10°040 
1°952 
Examined on eight occasions. Average of 254 observations. 
X.—H,SO, + 13°994H,0 = 28°005 per cent. 
@ 15°/15° 1°20620. 


The magnetic rotations gave— 
t * §p. rotation. Mol. rotation. 


147° 0-9889 15-933 
Less H,O...... 13994 
1-939 


Examined on four occasions. Average of 144 observations. 


XI.—H,S0O, + 23°330H,0 = 18'921 per cent. 
d 15°/15° 1:18464. 


Sp. rotation. Mol. rotation. 


Or, omitting two sets of observations which appear exceptionally 
low, 1°954. 
Examined on nine occasions. Average of 284 observations. 
XII.—H,SO, + 33°392H,0 = 14:019 per cent. 
d 15°/15° 109785. 


The magnetic rotations gave— 


t. Sp. rotation. Mol. rotation. 
15°88? 0°9979 35°294 
Less H,O 33°392 


1-902 


Or, omitting two sets of observations which appear exceptionally 


low, 1°933. 
Examined on 10 occasions. .Average of 334 observations. 
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XIII.—H,SO, + 43°354H,0 = 11:154 por cent. 
@15°/15° 1:07706. 
The magnetic rotations gave— 
t. Sp. rotation. Mol. rotation. 

15°67° 09991 45°280 

Less H,O...... 43°354 

: 1-926 
Examined on 13 occasions. Average of 426 observations. 


XIV.—H,SO, + 53°870H,O = 9°179 per cent.., 
d 15°/15° 106305. 
The magnetic rotations gave— 
t Sp. rotation. Mol. rotation. 


14-71° 1:0000 55°720 
Less H,0...... 53°799 
1-921 
Examined on 10 occasions. Average of 356 observations. 


The following is a table of the results with the specific rotations 
corrected to 15° to make them comparable :— 


Molecular Percentage | Sp. rotation | Mol. Mol. rotation 
composition. composition. at 15°. rotation. | less H,O. 


| 
H.SO, + 0°004H,0 99 “920 0°7785 2-308 
0-192 96 “598 08104 2°479 
0°368 93 -663 0 ‘8298 2-626 
1-010 84349 0 °8824 3*204 
2-016 72-998 0-9134 4°130 
3 007 64°413 0° 9305 5071 
3-953 57.938 5991 
47°407 . 8 ‘021 
35°163 . 11 “992 
28 -005 : 15-936 
18 “921 : 25 °246 
14019 . 35 ‘307 
11°154 | . 45 *280 
9179 | . 55 °720 


FHF HH tte eeeeeest 


Determination at 90° 


“ 47 *407 0 "9556 8 °049 
Specific rotation reduced to 15°¢ 0 -9635 8 043 


* Or omitting in each case two observations which appear exceptionally low, 
1°954 and 1 ‘933 respectively. 
t See p. 65. 
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Sodium Sulphate. 

The salt used for the following was made from sodium carbonate 
and sulphuric acid, and, after being recrystallised several times,{was 
dried and ignited. As the solutions were all supersaturated,{ they 
were troublesome to work with, the determination of the density{of 
the strongest being especially so. 


I.—Na,SO, + 21°928H,0 = 26°46 per cent. Na,SQ,. 
d 15°/15° 1°2650. d 25°/25° 1°2626, 
d 85°/85° 1°2606. ad 97°9°/97°9° 1°2630. 
(a.) The magnetic rotations gave— 


t. Sp. rotation. Mol. rotation. 
20° 1:0546 24881 
Less H,O...... 21°928 
2°953 
Examined on four occasions. Average of 138 observations. 


t Sp. rotation. Mol. rotation. 


(b.) 88:9° 10593 25-042 


Less H,O...... 21°928 


3°114 
Examined on four occasions. Average of 124 observations. 


II.—Na,SO, + 41°375H,O =°16-010 per cent. Na,SO,. 
d@15°/15° 11569. d 25°/25° 1:1549. 


: -_ aac ae 2 4 ae ee. ae 


The magnetic rotations gave— 
t. Sp. rotation. Mol. rotation. 
15°1° 10393 44°256 
Less H,0...... 41°375 
2°881 
Examined on seven occasions. Average of 224 observations. 
IlIl.—Na,SO, + 57°48H,0 = 12210 per cent. Na,SQ,. 
@ 15°/15° 11151. d 25°/25° 11135, 


The magnetic rotations gave— 


t. Sp. rotation. Mol. rotation. 
15°5° 10294 
Less H,0 
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Examined on eight occasions. Average of 248 observations. 
The following is a table of the above results, with the specific 
rotation corrected to 15° :— 


| Mol. rotation 


Molecular Percentage | Sp. rotation Mol. 
less H.O. 


composition. composition. at 15°. rotation. 


Na,SO, + 21°928H,0 26 38 10556 . F 

+ 41°375 ,, 16°01 10394 

+ 57-480 ,, 12°21 1 0295 | 
Determination at 88°°9. 

+ 21°928,, | 26°38 1 0593 25 -042 3°114 


” 


Sp. rotation corrected to 15° . ee: 1 °0624 25 -042 3°114 
| ° 


In reference to the determinations of the solutions of sulphuric 
acid and sodium sulphate, it may be remarked here that it has been 
found that the magnetic rotation of substances becomes slightly 
lower with rise of temperature (after allowing for change of density), 
except in the case of water. It was of interest, therefore, to see how 
asolution of sulphuric acid and of sodium sulphate behaved under 
these circumstances. This was arrived at by finding what the 
specific rotation obtained for the higher temperatures would be when 
reduced to 15°, by means of the density determinations, and then 
from this calculating the molecular rotation. In the case of sulph- 
uric acid, this gave only a variation of 0°003 from that calculated at. 
90°, and of sodium sulphate the number was identical with that cal- 
culated at 88°96°. Therefore these solutions behave like water, the 
molecular rotation of which does not change with the temperature. 


Nitric acid. 

The strength of the most concentrated acid I have examined was 
found by titration to be 983 per cent. of HNO,, the density at 
15°/15° being 15191. According to Kolbe’s determinations, this 
represents 96°82 per cent. of acid; but Lunge and Rey, by their 
recent tables (J. Soc. Chem. Ind., 1891, 543), show that Kolbe’s 
numbers for the highly concentrated acids are too low. For the above 
density, these tables make the strength 99°448 per cent., which is 
1:1 per cent. higher than found by me, and 2°6 per cent. higher than 
Kolbe’s, The acid I examined, however, was not quite colourless, 
and that may have something to do with the difference between my 
determination and Lunge and Rey’s. The variation does not in this 
case affect the measurement to any large extent, and as Lunge and 
Rey have made a systematic study of the densities of this acid, and 
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employed special precautions, it will probably be best to take their 
numbers for the strong acid. For the weaker acids, their densities 
and Kolbe’s agree closely, and also correspond with my own deter- 
minations. The following results were obtained :— 
I.—HNO, + 0°019H,O = 99°45 per cent. HNQ,. 
d 15°/15° 15191. d 25°/25° 1°5043. 


The magnetic rotations gave— 


t. Sp. rotation. Mol. rotation. 


Examined on one occasion. Average of 40 observations. 


These numbers are a recalculation of those published in this 
Journal (Trans., 18&9, 55, 681). 


II.—HNO, + 2°701H,0 = 56°438 per cent. HNO. 
d 15°/15° 1:3553. d 25°/25° 1:3480. 
The magnetic rotations gave— 


t. Sp. rotation. Mol. rotation. 
18° 0°8025 
Less H,O 


Examined on two occasions. Average of 50 observations. 


III.—HNO, + 7°311H,0 = 32°360 per cent. HNOQ,,. 
d 15°/15° 1°2011. d 25°/25° 1:1983. 
The magnetic rotations gave— | 


t. Sp. rotation. Mol. rotation. 
151° 0°9066 8163 
Less H,O...... 7311 


0°852 


Examined on two occasions. Average of 64 observations. 


IV.—HNO, + 9°555H,O = 26°810 per cent. HNO). 
d@10°/10° 1:1665. d 20°/20° 1:1615. 
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The magnetic rotations gave— 


t. Sp. rotation. Mol. rotation. 
16°42° 


Examined on three occasions. Average of 104 observations. 


V.-—HNO, + 12°03H,0 = 22°54 per cent. HNO. 
@ 15°/15° 11359. d 25°/25° 11324. 
The magnetic rotations gave— 


Sp. rotation. Mol. rotation. 
0°9349 
Less H,O 


Examined on three occasions. Average of 96 observations. 
The following is a table of the above results, with the specific rota- 
tions corrected to 15° :— 


Molecular Percentage | Sp. rotation Mol. Mol. rotation 


composition. composition. at 15°. rotation. less H,O. 


99 °45 0°5292 | 1 +226 
56 *44 0 °8042 3 678 
32°36 0°'9066 | 8-163 
26 *81 0°9238 | 10°360 
22°54 0 *9350 12 783 


. 


Lithium Nitrate. 


This salt’ was carefully fused before weighing to remove all the 
water it contained. 
The following solutions were examined :— 


I.—LiNO, + 2°944H,0 = 56°56 per cent. LiNQ . 
d 15°/15° 14429. d 25°/25° 1:4381. 
The magnetic rotations gave— 


t. Sp. rotation. Mol. retation. 
19°25° 0°8649 4068 
Less H,O...... 2°944 


1:124 


Examined on two occasions. Average of 64 observations. 
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Il.—LiNO, + 10°821H,0 = 26°16 per cent. LiNO,. 
d 15°/15° 1:1743, d 25°/25° 1:1722, 


The magnetic rotations gave— 
Mol. rotation. 


11°799 
10°821 


0978 
Average of 88 observations. 


t. Sp. rotation. 
19°25° 


0°9470 
Less H,O 


Examined on three occasions. 


IIl.—LiNO, + 17:°261H,0 = 18:17 per cent. LiNO,. 
d 15°/15° 1°1174. d 25°/25° 1:1152. 


The magnetic rotations gave— 


Mol. rotation. 


18°195 
17°261 


t. Sp. rotation. 
168° 0°9634 
Less H,O...... 
0°934 
Examined on three occasions, Average of 112 observations. 


The following is a table of the above results with the specific rota- 
tion corrected to 15° :— 


Molecular 
composition. 


Percentage 
composition. 


Sp. rotation 
at 15°. 


Mol. 


rotation. 


Mol. rotation 
less H,O. 


LiNO; + 2°944H,O 
- + 10°821 ,, 
» +7, 


56 *56 
26°16 
18°17 


0°8661 
0 9477 
0 *9637 


4 °068 
11 °799 
18 *195 


1°124 
0'978 @ 
0°934 


Before discussing the results which have just been given, it may be 
as well to consider one or two points in connéction with the supposed 
relationship of the magnetic rotation to the dissociation theory of 
Arrhenius. The magnetic rotations of solutions of acids and salts are 
found to vary very considerably, and in some instances in opposite 
directions. For example, in the case of the haloid acids (Trans., 1889, 
55, 739) and salts, they rise with dilution, but with the oxy-acids, 
sulphuric and nitric, they fall with dilution. Professor Ostwald 
appears to consider the explanation of this to be that in the haloid 
compounds the free ions have larger rotations than when in combina- 
tion, and in sulphuric and nitric acids that they have smaller rota- 
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tion than when in combination. This latter would also apply to 
their salts. 

Now, as the electrical conductivity of a solution is regarded as a 
measure of its dissociation, therefore, as this increases with dilution 
in the case of the compounds under consideration, so the rotation 
should decrease in a similar manner, if the two sets of phenomena are 
comparable, unless there are some secondary causes to interfere with 


this. 


Sulphuric acid and Sodiwm Sulphate. 


The amount of dissociation which may be regarded as taking place 
in the case of sulphuric acid and its solutions when calculated from 
the electrical conductivity in the ordinary way increases gradually as 
the strength diminishes up to about 1 per cent. of the acid; when 
rather more than 50 per cent. of it has become dissociated, the rate of 
increase then becomes much more rapid (Fig. 2, p.70). The results ob- 
tained with the magnetic rotations, however (Fig. 1, p. 70), show that 
the molecular rotation diminishes rapidly with acid from 100 to 60 per 
cent. H,SO,, when the dissociation appears to be very small (about 
5 per cent.), whereas from 20 to 10 per cent., when itis nearly ten times 
greater, the molecular rotation is practically constant, the fluctuation 
of the numbers being within the error of experiment. Considering 
the previous remarks which have been made, these results seem to 
show that down to solutions containing about 10 per cent. of H,SO, 
there is no apparent connection between the value for the rotation 
and supposed dissociation. The results obtained from the examination of 
sodium sulphate, as far as they go, do not appear to differ materially 
in character from those of sulphuric acid, the curve they form being 
concave, like that of the acid, whilst that of the dissociation is 
convex when plotted out on a similar scale. Professor Ostwald 
thought that in very dilute solutions the fall in the rotation of 
sulphuric acid would amount to 1:0, as already referred to, The fall, 
however, so far as the experiments go, is only 0°376. 

The results obtained with solutions of sulphuric acid and sodium 
sulphate at about 90° are also interesting in connection with the sub- 
ject of the dissociation theory. In both cases, the rotations are higher 
than those at ordinary temperatures. In the case of H,SO, + 6°038H,0, 
the rotation is only slightly so (0°026), or within the error of ex- 
periment, but with Na,SO, + 21°928H,0, it is very decidedly 
higher. (0°161). As, however, the electrical conductivity of an elec- 
trolyte “increases, almost without exception, with rise of temperature, 
and mostly by about 2 per cent. per degree” (Ostwald, Gen. Chem., 
Eng. edition, p, 279), it is evident in these cases that the magnetic 


PERKIN: MAGNETIC ROTATION 


rotation should diminish with rise of temperature ; in fact, the effect 
of heat, within certain limits, should be analogous to dilution. This, 
however, is the opposite to that which occurs. It is difficult, there. 
fore, to see how these results can be reconciled with the theory of free 
ions. The fact that an increase is observed on heating the solutions 
is, however, in favour of the view that they contain compounds which 
are decomposed by heat. 

It is true that Arrhenius showed (Zeit. physikal. Chem., 4, 
96—116) that the electrical conductivity and therefore, presumably, 
the amount of dissociation, diminished after a certain temperature 
was reached, but from the values which he gives it would appear that 
the temperature of maximum conductivity for sulphuric acid and 
sodium sulphate solution of the strength employed in this investiga- 
tion would be far above 90°, or, indeed, above any temperature to 
which an aqueous solution could be heated. 

In Fig. 1, the results of the plotting out of the specific and mole- 
cular rotation of sulphuric acid and of sodium sulphate against 
percentage composition are shown. When the specific rotations of 
the acid are examined with a flexible lath it appears impossible to 
draw them as a single curve; there seems to be a “ break” at 84°5 
per cent., the composition of the monohydrate, and another still better 
marked break at about 48°5 per cent. This latter should probably 
occur at 57°7 per cent. (where the composition is that of a tetra- 
hydrate, at which Pickering found a break as well as at the mono- 
hydrate, in the properties he examined) for the molecular rotations, 
which also show this break, indicate its position as about 60 per 
cent. The difference between 48 and 58 per cent. is only a question 
of the break coming at one experimental point or the next one ; as in 
this case the number of determinations is too small and the experi- 
mental error too large to indicate the position of breaks of this kind 
with precision, the agreement is as good as could be expected. 

Although the molecular rotations show this break, they do not show 
the less marked one at 84 per cent. This is no doubt due to the 
influence of the specific gravities of the solutions, which, as well 
as the specific rotations, enter into the calculation of the molecular 

rotations. 

Mr. Pickering, with whom I have had the opportunity of discussing 
these results, has himself taken the trouble to examine the subject of 
these breaks somewhat critically in connection with the average 
mean error of my determinations of the specific rotations. This he 
finds to be 0°0009 for the mean values, when deduced in the ordinary 
way from the indvidual observations of which the means are taken, 
and when deduced from the series of mean results themselves by the 
graphic method which he has devised (Phil. Mag., 33, 436, and 


O4- 


MAGNETIC ROTATIONS OF He S O, AND N@e2 S 


we Perkin 


nar 


| 


‘ALIAILONGNOSD ‘L943 


13 OL ONIGYODOV 


NOILWIOOSSIG 40 LINNOWY 


Ty 


c6: 


oor ‘oy ds 


CLL TLL 


no eee eS 


Titi 
ol 


OL 09 


anv *O S 7H 40 SNOI1LV 


og 


Ov 
10yH 31135 NOVW 


OF SULPHURIC AND NITRIC ACIDS, ETO. 71 


Ber., 24, 3332, and 25, 1100), he finds to be 0-00095; the first of 
these methods of estimation, however, he considers, is somewhat un- 
certain, and the latter would, in a case like the present, lead to too 
high an estimate, so that the total error of any acceptable drawing 
estimated in the manner described by him in the Philosophical Maga- 
zine would probably be less than the above-mentioned quantities, and 
he found, in accordance with this, that the total error of the drawing 
showing breaks at 48 and 84 per cent. was two-thirds of the above 
amount. The obliteration of either of these breaks increases the error 
considerably beyond legitimate bounds, the omission of the break at 
84 per cent. giving a drawing of which the error is 2—3 times greater 
than it should be, whilst the omission of the break at 48 per cent. 
would give an error 30—40 times greater than it should be, and the 
omission of both breaks together gives a single curve drawing with 
an error 200—300 times the experimental error. It is therefore 
tolerably certain that no continuous simple curve or parabola can re- 
present these results, but three such curves will do so satisfactorily, 
one of the breaks being at the solution corresponding to a mono- 
hydrate, and the other at 48 or possibly 58 per cent., in which case 
this second would correspond to a solution of the composition of a 
tetrahydrate. 

In the plotting out of the results of the molecular rotations in 
Fig. 1, p. 70, the two last numbers but two are in duplicate, the 
lower ones representing the averages of all the observations, and the 
higher ones including the averages of all the observations but two sets, 
which were exceptionally low. It is thought that the mean of these 
in each case is likely to be very near the truth. They are all within 
the experimental error. 

In the specific rotations, when the numbers correspond to these 
lower ones in the molecular rotations, no deviation from the curve is 
seen; this is because the differences between the numbers are so 
small; they become apparent, however, in the molecular rotations, 
on account of being multiplied by the number of molecules of water 
present to each one of acid, or more accurately by about n + 2, » 
being the number of water molecules. 

Viewing the results obtained with sulphuric acid from the point of 
view of its becoming a more highly hydroxylic compound by com- 
bination with water, it is evident that it is only possible for it to form 
two compounds of this nature, namely, (HO),SO and (HO),S, unless 
it be an intermediate one such as (HO),S,0;. Such changes as these 
occurring between water and saturated substances* are always accom- 

* In the unsaturated series, maleic and citraconic anhydrides are two remarkable 


exceptions, and the explanation of their behaviour is obscure at present (Trans., 
1888, 53, 597). 
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panied by considerable reduction of the sum of the rotations of the 
combining products. 

Water of hydration in combination with substances in solution— 
if such exists, which is a disputed point—would very probably not 
influence the rotation in any special manner. 

In the observations I made in my previous paper on this subject, 
where the dilution was only carried asfar as H,SO, + 3H,0 (Trans. 
1886, 49, 787), the conclusion arrived at was that only one compound 
was formed, namely, (HO),SO, because the redaction in the rotation 
of the acid and water, after admixture, amounted to nearly the same 
as that of acetic and propionic anhydrides and water, namely, 0°250. 
It has, however, now been found that, on much further dilution, the 
reduction is greater than this by about half as much again, or 0°376. 
It must be remembered, however, that the rotation of SO, has not 
yet been determined, so that the extent of the reduction which would 
take place when it combines with water to form H,S0Q, is not known, 
and, therefore, data necessary for forming an estimate of the change 
which would take place when a second oxygen of SO; becomes sub- 
stituted by two hydroxyls is wanting; it is quite possible, however, 
that it may be larger than that which occurs in the case of acetic 
anhydride and water, when uniting to form acetic acid. 

Chloral and water, and chloral hydrate, or trichlorethylidine 
glycol are similarly related to (HO),SO, + H,O and (HO),SO, and 
in this case the reduction due to combination amounts to 0°447, 
showing that this kind of combination does in some instances cause 
larger reductions in the rotations than in others ; this, therefore, may 
be the case with sulphuric acid and water; at any rate the amoant is 
not sufficiently large for the formation of (HO),S. If, therefore, the 
reduction of the rotation of sulphuric acid and water on admixture 
is due to a chemical change of this kind—and there does not appear 
to be any reason why such a change should not take place—the body 
formed is most probably (HO),SO, and as the entire reduction of the 
rotation is not reached until a dilution of about 1 mol. of acid to 
23 mols. of water is made, it would appear that the presence of this 
excess of water is required to change all the acid present into 
(HO),SO. Other hydrates of sulphuric acid may be regarded as 
this compound, plus water of crystallisation; thus Pickering’s 
crystallised hydrate may be regarded as (HO),SO,3H,0. 

In the case of dilute solutions of sodium sulphate, the rotations go 
in the same direction as sulphuric acid, and we might have a com- 
pound formed analogous to the above. The rotation of this salt 
being increased by heat would indicate decomposition, A solution 
of trisodium phosphate was also found to increase considerably in 
rotation when heated. 
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OF SULPHURIC AND NITRIC ACIDS; ETO. — 


Nitric acid and Inthium Nitrate. 


Nitric acid has only been examined in four different strengths, so 
that the investigation of this compound is far from complete, 
determinations of solutions more closely related as well as others 
more highly diluted being required; the weakest solution examined 
contained 22°54 per cent. From the particulars given, it will be seen 
that the determinations were not made on so many occasions as in 
the case of solutions of sulphuric acid, so that the results may not be 
quite so accurate. aed 

In Fig. 3 (p. 74), the results of the specific and molecular rota- 
tions are plotted out against the percentage composition. 

The molecular rotations form a descending curve which commences 
as a straight line and continues so until a solution of about 33 per 
cent. is reached; after this it curves downwards: somewhat; too 
much reliance, however, must not be placed on this part of the curve, 
because the experimental errors in the last two determinations 
with this acid are sufficient to make it doubtful; in fact; the three 
last determinations are chiefly of value in showing the general 
direction of the curve from acid of 100 to about 30 per cent. rather 
than its continuation beyond this; further determination, especially 
with more dilute solutions, would be required before this could be 
traced further with much certainty. 

With respect to the magnetic rotation indicating the union, of 
nitric acid with water so as to form an acid corresponding to ae 
phosphoric acid, reference was made in & previous paper (Trans., 1889, 
55,724). The apparent difficulty which is found now that a more 
extended series of solutions has been examined is the largeness of the 
difference between the rotation of the pure acid and its dilute solu- 
tions, amounting to 0°355 in the case of a 32°36 per cent. solution and 
0454 in the case of the less reliable determination of a 22°54 per cent. 
solution ; hence it is difficult to form an opinion as to whether this or 
a still more hydroxylised compound is formed. 

On comparing the curve formed by the molecular rotation of the 
solution of nitric acid with that of the dissociation of this acid, it is 
found that althongh the deviation from it in the case of the stronger 
solutions is not so great as with sulphuric acid, yet it does not 
cotrespond at all closely to it, forming as it does a descending 
straight line during most of its course, whilst the other is apparently 
a regularly descending convex curve; that of the molecular rotations 
at first rans below this, and then at about 37 per cent. HNO, crosses 
it and runs above. 

It is seen from the curve formed by the molecular rotations of 
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lithium nitrate that solutions of this salt behave in a similar way to 
those of nitric acid. 

As to the influence of water on the rotations of the halogen acids 
which behave in a perfectly opposite way to sulphuric and nitric acids, 
and in a much more pronounced manner, no satisfactory explanation 
exists. These give results which are not in agreement with their elec. 
trical conductivities, inasmuch as the concentrated acids at first change 
in rotation very rapidly with small dilntions, but as the quantity of 
water is increased they change more slowly and at last apparently 
become stationary. 

As there is a good deal of difference between the curve produced 
by the molecular rotation of sulphuric and nitric acid solutions, it was 
thought that perhaps the fact of one being bibasic and the other 
monobasic might have something to do with this variation. From 
this point of view it was therefore of interest to see what kind of a 
curve solutions of a tribasic acid would give. I have measured the 
rotations of phosphoric acid and of two of its solutions represented 

by H,PO, + H,O and H,PO, + 3H,0; this is a very small number of 
determinations to form an opinion from, but nevertheless they will 
give some indication of the behaviour of this acid with water. 
These results have been plotted out in Fig. 4 against those of 
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sulphuric and nitric acids, just to show the directions the curves 
take. It will be seen that the molecular rotation of the tribasic acid 
changes but little with dilution so far as examined, the curve being 
very shallow. In that of sulphuric acid, however, the curvature is 
much more marked, but in the same direction, whilst that of nitric 
acid forms a different kind of curve, consisting chiefly of a straight 
line. Of course it must not be forgotten that these acids are inde- 
pendent substances containing different elements, but still this com- 
parison suggests that on the further study of this subject the basicity 
of the inorganic acids may be found to have an important bearing 
on the magnetic rotation of their solutions. 


IlI.—Studies of the Terpenes and Allied Compounds. The Formation 
of Ketones by the Interaction of Camphor and Agents such as Sul- 
phuric acid and Zinc Chloride. 


By Henry E. Armstrong and F, Stantey Kipprna. 


Tae interaction of camphor and sulphuric acid has been the subject 
of numerous investigations, commencing with that.of Delalande in 
1839, and evidently much time and labour has been spent in the 
endeavour to determine the nature of the oily product, hitherto un- 
fortunately, as we will show, all to no purpose, and it is mainly on 
this account that we deem it desirable to record our observations in 
detail. 

Chautard, in 1856, assigned the formula C,H,,0 to Delalande’s 
product, terming it camphren. Schwanert, in 1862, altered this 
formula to C,H,O, and suggested that the substance was an isomeride 
of acetophorone. Lastly, Kachler, in 1872 (Annalen, 164, 75), came 
to the conclusion that the ‘ camphren ” of previous workers was not 4 
definite substance, but rather a mixture of “ phorone,” probably with 
hydrocarbons; he, however, accepted Schwauert’s formula C,H,O 
as that of the main constituent, regarding it as the isomeride 
of acetophorone. It may also be mentioned that Cazeneuve has in- 
cidentally referred.to “camphren,” and stated that he has confirmed 
the formula attributed to it. 

It is needless to enter into a fuller account of previous work, as 
covering references are to be found in Kachler’s paper, especially 
as the results are negatived by us. 


. In the course of an investigation, commenced in 1877, of the 
@ 2 
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products of the action of various dehydrating agents on camphor, an 
account of which was published by one of us in conjunction with Dr. 
A. K. Miller in 1883 (Ber., 23, 2255), the “‘camphren” prepared in 
accordance with Schwanert’s directions was compared with a product 
obtained, together with hydrocarbons, on carefully distilling camphor 
with dehydrated zinc chloride; the conclusion arrived at was that 
the two products were practically identical, but it was evident that 
they were not uniform substances; all attempts to separate pure 
substances from them by repeated fractional distillation were, how- 
ever, unsuccessful. 

The experience gained during recent years that crystalline com- 
pounds are so often obtained by the interaction of phenylhydrazine 
and ketonic compounds rendered it desirable again to attempt the 
resolution of “camphren,” and the results now to be described afford 
further striking testimony of the extreme value of phenylhydrazine 
as an aualytical agent. 


Briefly stated, our results are as follows :— 

Besides camphor, which cannot be entirely got rid of owing to the 
fact that it is less sensitive to the action of sulphuric acid than are 
the products of change, the so-called “ camphren ” contains at least two 
oxygenated compounds: one of these is the acetylorthoxylene of the 

CH; ie 


CH 
formula : ; the other is apparently the constituent to which 


Co-CH, 
the crude oil owes its pleasant, marked peppermint-like odour, resem- 
bling that of camphorone prepared by distilling calcium camphorate, 
and on this account, and as it yields the same oxidation product as 
camphorone, viz., a-methylglutaric acid, but boils at a higher tem- 
perature (about 20°), we think that possibly it is the next homo- 
logue of camphorone. Unfortunately, we have not hitherto succeeded 
in obtaining any crystalline derivative of this latter constituent of 
the oil; we are therefore continuing to study it. 

The work has been mainly done with material prepared from 
camphor and sulphuric acid, but we have isolated acetylorthoxylene 
from the zinc chloride product which, as before said, in its general 
properties is identical with that obtained by means of sulphuric acid; 
a quantity of the material prepared by Miller and one of us from 
camphor and zinc chloride being available was used for the purpose 
of the comparison. 


The production, undoubtedly in considerable quantity, in such # 
manner of acetylorthocylene from camphor is of extreme interest .and 
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of no slight theoretical importance ; while reserving the discussion of 
the question for a subsequent communication, we would point out 
that it appears to afford further evidence antagonistic to the view 
that camphor bears a very simple relation to cymene (parisopropyl- 
benzene), a view which one of us has over and over again called in 
questivn. 


Preparation of “ camphren.” 


In the first instance, following Schwanert’s directions, we heated 
a solution of camphor in four times its weight of ordinary oil of 
vitriol on the water-bath ; after some time, the mixture darkened in 
colour and sulphur dioxide was evolved, the evolution of gas be- 
coming more rapid as action proceeded ; after heating during about 
six hours, the dark solution was allowed to cool, then mixed with 
about two volumes of water and subjected to distillation in a currrent 
of steam as long as any oil passed over. 

The product was a yellow oil; the yield, however, was but small 
—-equal to only about one-fourth the weight of the camphor taken, 
a large proportion of the camphor being converted into non-volatile, 
brittle, carbonaceous matter; a considerable quantity of unchanged 
camphor was also present in the oily product. At the outset of the 
investigation, it therefore became necessary to devise a better 
method of preparing ‘“‘camphren,” and, with this object in view, 
various experiments were instituted. 

In the first place, instead of using ordinary oil of vitriol, the 
camphor was dissolved in a mixture of 4 parts of the concertrated 
acid with 1 part of water; when this solution was heated in boiling 
water, no visible action took place for a long time, but after 10 to 12 
hours, sulphur dioxide began to be evolved, the solution darkening 
very considerably ; after heating during about 20 hours, the product 
was isolated in the manner described above. The quantity of oil 
obtained was not only very small, but it was found to contain an 
even larger quantity of camphor than that produced by following 
Schwanert’s directions. 

The effect of heating a solution of camphor in 4 parts of concen- 
trated sulphuric acid and 1 part of water at temperatures above 100° 
was next tried; at 107°, action set in after a short time, sulphur 
dioxide-being evolved, the mixture darkening as before. The quan- 
tity of crude oil produced under these conditions seemed to depend to 
a considerable extent on the duration of the heating, but was never 
more than 50 to 60 per cent. of the camphor taken. 

After many trials, which it is unnecessary to describe, the follow- 
ing method was ddopted as the least unsatisfactory:—A mixture 
of 200 grams of camphor with 800 grams of concentrated sulph- 
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uric acid, contained in a large flask, was quickly heated on a sand. 
bath to 105—110°; as soon as the temperature had risen to about 
105°, action set in, the solution rapidly darkening, sulphur dioxide 
being copiously evolved. It was necessary at this stage to heat 
most carefully, so that the temperature of the mixture, as shown by 
a thermometer immersed therein, did not rise much above 110°, as 
otherwise the action gradually became more and more energetic, the 
mixture frothing over, the enly product under such circumstances 
being a black, porous, carbonaceous mass. After keeping the mix- 
ture at 105—110° daring 50 to 60 minutes, the flask was taken from 
the sand-bath and placed aside to cool; the black solution was then 
mixed with about 2 vols. of water, and distilled with steam ; the oily 
distillate was washed with dilnte soda to free it from attached acid, 
and dried by means of calcium chloride. The yield of crude product 
was about 140—150 grams, or 70—75 per cent. of the camphor taken, 
only a comparatively small quantity of campher being converted into 
carbonaceous matter. 

The yellow oil prepared in the manner described was specifically 
lighter than water, and had a peculiar peppermint-like odour, quite 
different from that of camphor. When distilled from an ordinary 
distilling flask under atmospheric pressure, the thermometer at once 
rose to about 210°, and almost the whole passed over between this 
temperature and 245°; on collecting the distillate in fractions at 
intervals of about 5°, it was noticeable that the lowest boiling portions 
had an unpleasant odour, due, ‘doubtless, to the presence of some 
sulphur compound. The several fractions were liquid, unless distil- 
lation was very slowly conducted, in which case more or less camphor 
crystallised from the fractions collected below 220—225°; the frac- 
tions collected at higher temperatures gave no such deposit, bat 
when again distilled they usually afforded fractions from which 
camphor separated on cooling. 

The fact that the crude oil contains camphor had been previously 
recognised by Schwanert, who recommended heating the oil at a 
temperature just below its boiling point in a stream of hydrogen as 
the best means of getting rid of this impurity ; on trying this method, 
it was found to be not only very tedious, but also unsatisfactory in 
other respects, the camphor being very incompletely expelled, even 
after prolonged heating. It seemed not improbable that renewed 
treatment with sulphuric acid would be a satisfactory method of 
getting rid of the camphor, and, therefore, the crude oil was heated 
with sulphuric acid under the conditions last described. This treat- 
ment, however, proved to be absolutely useless, as not only wus a con- 
siderable quantity of the oil converted into carbonaceous matter, but 
the portions passing over on distillation with steam appeared to be as 
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fich in camphor as before. Several other means, such as fractional 
distillation with steam and fractional precipitation by water of the 
solution of the oil in cold concentrated sulphuric acid, were tried, in’ 
the hope of obtaining an oil free from camphor, but unsuccessfully, 
and it therefore became necessary to resort to fractional disillation. 

By employing a long fractionating column (without glass beads), 
and carrying on the distillation very slowly, it.was found to be possible, 
by repeated fractionation, to separate the crude oil into camphor and 
a yellow oil boiling above 220° under ordinary atmospheric pressure ; 
during this process, the oil darkened in colour, and one or more of its 
constituents underwent slight decomposition, a small quantity of 
water being formed, not noticeable atthe time of distillation, but at 
once observed on redistilling any of the liquid fractions. The 
portions of the oil boiling after repeated fractionation above 220° 
still contained camphor, which, apparently, could not be entirely 
separated by fractional distillation; on continuing the process, em- 
ploying a long column as before, it was found to be possible, after 
several operations, to separate the oil into a portion boiling at about 
220—236° and a residue boiling above 236°. 

This residue, on distillation from an ordinary distilling flask, 
began to boil at about 236°, the thermometer slowly rising to about 
250°; at this temperature only a relatively very small quantity of a 
thick, brown oil of undetermined nature remained in the flask. 

The distillate collected between 236° and 250°, although evidently 
a mixture, could not apparently be resolved into its constituents by 
continued fractional distillation; it was found, however, that on 
warming portions of this distillate with phenylhydrazine and glacial 
acetic acid, ‘a deep red solution was formed from which crystals could be 
obtained, and the more readily the higher the boiling point of the oil 
which was treated ; it was also found that the constituent of the oil 
affording the crystalline product could be regenerated from the latter 
without difficulty. These observations rendered it possible to separate 
from the mixture a pure substance which was ultimately recognised 
as acetylorthoxylene [Me : Me: Ac = 1:2: 4]. 


Acetylorthoxylenehydrazone, CsH;Me,-CMe:N,HPh. 


This compound was prepared in large quantities from the portion 
of the oil produced in the manner above described boiling at 
236—250°. For this purpose, the oil (150 grams) was mixed with 
phenylhydrazine (108 grams) and acetic acid (about 50 grams) was 
added to the mixture ; interaction very readily took place, the solution 
becoming hot, the colour at the same time changing to dark brownish- 
red. After adding a little alcohol (about 50 grams) and stirring’ 
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well, the mixtare was kept in a cool place during about 24 hours, aj 
the end of which time a considerable quantity of dark brownish-red 
crystals had separated from the liquid: this product was separated by 
filtration and purified by two or three crystallisations from alcohol, 
from which it was deposited in flat, pale yellow plates or prisms. 

Two different samples of the compound, which had been repeatedly 
recrystallised and then quickly dried at 80°, were analysed with the 
following results :— 


Sample A. I. 0°2026 gram gave 22-05 c.c. Nz at 19° and 740 mm, 
» 8B. (IL. 0°2360 a 23°85 » 18° 9” 
- III. 0°2254 9 22°3 ” 9° ” 


Found. 


Calculated for r ~ 
CoH \9:N2HPh. I. IL. III. 


N ...e0-5 IL8p.c. 124 120 I122p.c. 


The hydrazone crystallised wel], and was easily obtained in an 
almost pure condition ; no carbon and hydrogen determinations were 
made because of the unstable character of the substance. Although, 
when freshly crystallised, it was almost colourless, when kept for a 
short time, even in the dark and in a closed tube, it became pinkish- 
red or brown, and began to decompose; it could, however, be kept 
under alcohol for days without undergoing any appreciable decom- 
position, although the supernatant solution soon became brownish- 
red. It was readily soluble in cold acetone, benzene, hot glacial 
acetic acid and boiling alcohol, but only moderately easily in boiling 
light petroleum ; it crystallised well from boiling 80 per cent. alcohol, 
from which it separated on cooling in almost colourless, transparent 
plates. When quickly heated, it melted completely at 112°, being at 
the same time decomposed. The hydrazone was readily acted on bya 
hot alcoholic solution of ferric chloride, and converted into nitrogen, 
acetylorthoxylene and decomposition products of phenylhydrazine ; 
it was also readily hydrolysed. by cold concentrated muriatic acid 
into acetylorthoxylene and phenylhydrazine hydrochloride. It dis- 
solved in cold concentrated sulphuric acid, with development of 
heat, giving a yellowish-green solution, from which acetylorthoxylene 
separated as an oil on the addition of water. 

The quantity of hydrazone obtained from the oil varied consider- 
ably, depending to a great extent on the care with which the oil had 
been fractionated; working with large quantities (150—200 grams), 
and employing portions of the oil boiling at 236—250°, the yield of 
purified hydrazone was rather more than half the weight of the oil 
taken; when the oil contained substances boiling below 236°, the 
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yield was diminished. The reason of this is that, even after careful 
fractionation, the oil is a mixture of at least three substances : namely, 
camphor, acetylorthoxylene and another constituent to be referred to 
later on in the paper. The mother liquors from the crystalline 
hydrazone contained a large quantity of a thick, dark red oil mainly 
produced by the interaction of the other compounds and phenyl- 
hydrazine; this doubtless prevents the crystallisation of a portion of 
the acetylorthoxylenehydrazone. 


Acetylorthoxylene, C,H,Me,-CO-CH; [Me: Me: Ac = 1:2: 4]. 


When the preparation of a crystalline, although very unstable, 
hydrazone from the oily product of the action of sulphuric acid on 
camphor was first effected, its reconversion into the ketone from 
which it had been formed was at first accomplished in the following 
way :—The purified hydrazone was dissolved in boiling alcohol, and 
treated with a hot concentrated alcoholic solution of ferric chloride ; 
a vigorous action at once set in, and therefore it was necessary to add 
the ferric chloride cautiously to prevent the mixture from frothing 
over owing to the rapid evolution of nitrogen. As soon as no 
farther effervescence took place on the addition of a fresh quantity of 
ferric chloride, the mixture was distilled with steam ; when most of 
the alcohol had passed over, the distillate gradually became turbid, 
owing to the separation of a colourless oil, and as the alcohol in the 
receiver became more and more dilute, a considerable quantity of 
oil was precipitated. The process was interrupted as soon as oil 
ceased to pass over, and, after cooling, the oil was separated with the 
aid of a funnel, and dried with calcium chloride. On distilling 
the oil under ordinary atmospheric pressure, it began to boil at 
about 80°, and between this temperature and 170° about 35 per cent. 
(decomposition products of phenylhydrazine) passed over ; the ther- 
mometer then immediately rose to about 245°, the remainder of the 
oil distilling constantly at 245—247°, and leaving only a trace of a 
brown residue. 

As the liquid boiling at 245—247° seemed to undergo slight decom- 
position with liberation of water when distilled under ordinary 
atmospheric pressure, it was carefully dried and then redistilled 
under a pressure of 310 mm.; the portion boiling constantly at 
212°5—213°, which formed about 90 per cent. of the whole, was col- 
lected separately and analysed, with the following results :— 


I. 01628 gram gave 0°4826 gram CO, and 0°1192 gram H,0, 
II. 01458 0°4324 ‘ 0°1069 “ 
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ott. ~—F 
81-08 p. c. 80°84 80°88 p.c. 
8:13 814 ,, 
- 1103 10°98 ,, 

The compound obtained in this way was a colourless, highly refrac. 
tive, mobile oil, having a pleasant odour, resembling that of coumarone 
rather than that of peppermint; it boiled at 212°5—213° under a 
pressure of 310 mm., and at 246—247° under a pressure of 760 mm., 
the observations being made in both cases with a small Zincke ther. 
mometer. It was readily converted by phenylhydrazine into a crystal- 
line hydrazone, identical with the substance prepared from the crude 
oil made by heating camphor with sulphuric acid ; it also gave a crys- 
talline hydroxime on treatment with hydroxylamine. It did not 
combine with sodium hydrogen sulphite. The proof of the identity 
of this product from camphor with the 1 : 2 : 4-acetylorthoxylene 
recently prepared by Claus is given later in the paper. 

In preparing large quantities of the ketone from its. hydrazone, 
the method just described has certain disadvantages; in the first 
place, the presence of so large a quantity of alcohol in the steam 
distillate, no doubt, prevents the complete separation of the oil, unless 
a large volume of water be added ; and, in the second place, the whole 
of the phenylhydrazine is lost, and its decomposition préducts become 
mixed with the ketone. On trying to improve on the earlier method, 
ié was found that the hydrazone was readily hydrolysed by concen- 
trated muriatic acid, interaction taking place in accordance with the 
equation 


C,oHy2:N,HPh + H,0 + HCl = Cy»H,,0 + N.H;Ph:HCl, 


As it is not only possible, by working in this way, to recover almost 
the whole of the phenylhydrazine, but also to obtain a more nearly 
pure crude product, we made use of this method in ail the later pre- 
parations, and proceeded as follows :—The freshly crystallised, alcohol- 
moist hydrazone (100—150 grams) was placed in a large flask, and 
about 300—350 c.c. of concentrated muriatic acid was added to it; 
on shaking, the pale yellow hydrazone acquired a bright green colour, 
and in a very short time the contents of the flask became so solid 
that agitation was no longer possible; the colour then slowly changed 
to canary-yellow. After a short time, water having been added, the 
ketone was separated from the aqueous solution of phenylhydrazine 
hydrochloride by distilling with steam; the phenylhydrazine salt in 
the residue was mixed with only a very small quantity of resinous 
impurity, and could easily be isolated in a clean condition by the 
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ordinary method. The ketone prepared in this way was almost pure, 
distilling under ordinary atmospheric pressure at 245°5—247°, only a 
trace passing over below and above these limits; it was indistinguish- 
able from the compound obtained by decomposing the hydrazone 


with ferric chloride. 
Analyses of the purified compound gave the following results :— 


I. 01485 gram gave 0°4413 gram CO, and 0°1074 gram H,0. 
II. 0°1546 ” 0°4584 " 01137 —i,, 
Found. 
Calculated for co O 
CioH,,0. I. Il. 
81°04 80°86 p.c. 
8:03 On * 
10°93 10°97 © ,, 
The quantity of acetylorthoxylene obtainedifrom 100 grams of the 
original oil collected between 236° and 250° was, on the average, 
about 30 grams. 


Acetylorthoxylenehydroxime, C,H;Me,-CMe:NOH. 


In order to obtain further evidence as to the nature of the ketone 
prepared from camphor, it was submitted to the action of hydroxyl- 


amine, and was thus converted into a hydroxime which was sub- 
sequently recognised as identical with that prepared by Claus from 
acetylorthoxylene. 

In preparing the hydroxime, an alcoholic solution of the purified 
ketone was treated with a slight excess of hydroxylamine hydro- 
chloride arid a large excess of potash, separately dissolved in dilute 
alcohol before admixture ; the mixture was kept for about 24 hours 
at the ordinary temperature. From concentrated solutions, the 
product was partially deposited in crystals, but dilute solutions re- 
mained clear; in either case, on mixing the solution with dilute 
muriatic acid, a crystalline precipitate was obtained, which was well 
washed with water and dried on biscuit ware. The crude product 
was practically pure, and the yield theoretical. 

A large number of analyses of this compound were made, in order 
to definitely establish the composition of the ketone; for this purpose, 
the crude product was crystallised twice from alcohol and carefully 


dried at 70°. 
Substance. CO,. H,0. 


0°1761 0°4733 0°1284 
0°1817 0:4899 0°1296 
0°1432 0°3870 0°1066 
0°1708 0°4608 0°1260 
0°3790 0°1040 
0°4824 01279 
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Substance. N,. t. Rar. 
- 02154 154 c.c. © 12° 756 mm. 
- 01710 12°95 ,, 20° 740 .,, 


Calculated for cr > 
CyoH23NOH. I. ITl. 

73°30 73°64 p.c. 

8:10 8-27 ,, 


— 


Found. 


QWv. Vv. VI. 
73°58. 7362 73°33 
819. 822 7-92 
 — — 86. 86 ,, 


These results prove beyond doubt that the hydroxime has the 
composition CyH,,NO. In the earlier analyses, for some cause not 
discovered, the carbon determinations gave results about one-half per 
cent. too low, although the sabstance used seemed to be pure; on 
this account, a number of analyses are quoted which would other. 
wise have been superfluous. 

The acetylorthoxylenehydroxime prepared from camphor crystal- 
lised from dilute alcohol’ in beautiful, colourless, lustrous plates; 
from dilute acetic acid in slender prisms; and from boiling water, in 
which it was only very sparingly soluble, in slender filaments ; when 
a cold solution of the hydroxime in dilute alcohol was allowed to 
evaporate spontaneously, the hydroxime was deposited in moderately 
thick, prismatic forms, sometimes an inch in length. 

It fused at 845—85°, and was readily soluble in most ordinary 
solvents, except water and light petroleum; it also freely dissolved 
in a concentrated solution of sodium hydroxide and in concentrated 
muriatic acid. When heated in small quantities under ordinary 
atmospheric pressure, it distilled without appreciable decomposition; 
it was rea‘lily hydrolysed by warm muriatic acid, the ketone being 
regenerated. 

According to the previous description given by Claus, acetylortho- 
xylene melts at 89—90° (uncorr.); notwithstanding this considerable 
difference between our observations and his, there is no doubt. that 
the products from the two sources are identical, as will be shown later 
in the paper. 


Acetylorthozyleneacetoxime, CyoH,,:NO Ac. 


To prepare its acetate, the above described hydroxime was dis- 
solved in excess of acetic chloride, the solution boiled for a few 
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minutes, then allowed to cool, and the acetic chloride partially 
evaporated in a desiccator over potash; if the boiling were cons 
tinued for any length of time, the solution darkened in colour and 
the product was not easily obtained in a colourless condition. On 
adding light petroleum to the concentrated acetic chloride sofution, 
the acetate was deposited after a short time in almost colourless 
ervstals, and was easily purified by recrystallisation from boiling 


light petroleum. 
The analyses of the compound so prepared gave the following 


results :— 
I. 01781 gram gave 0°4598 gram CO, and 0°1191 gram H,0, 
II. 01748 ” 0°4485 9 0°1143 m 
Ill. 0°1789 pe 10°8 c.c. N, measured at 15° and 750 mm. 
IV. 0°2406 - 14°8 s 14° ,, 745 ,, 
V. 0°2674 ” 162 ” 14° ” 750 ” 
Found. 


Calculated for “~ 
CigH,NO>. GC. be 


7024p.c. 7041 7000 — —. p.c. 
n,n ne 
— ae OF. FIO 718", 


- The acetylorthoxyleneacetoxime separated from light petroleum in 
ill-defined colourless crystals which melted at 71—72°. It dissolved 
freely in alcohol, benzene and most of the. ordinary organic solvents, 
except cold light petroleum. When warmed with dilute soda, it 
was quickly reconverted into the hydroxime. 


Intramolecular change of acetylorthoxylenehydrozxime. - 


It has been shown by Meyer and Warrington (Ber. 20, 500) that 
certain hydroximes readily undergo intramolecular change under the 
influence of acetic chloride, being converted into substituted amides 
or substituted amines, in accordance with the general equation 


BS C:N-OH = R-CO-NE-R’ or R'\CONER; 


these products are readily hydrolysed, yielding primary amines and 
monocarboxylic acids. Beckmann (Ber., 19, 988; 20, 1507, 2580) 
has shown that a similar change can be readily brought about by 
treating the hydroximes with mineral acids, or with phosphorus 
pentachloride and water successively. At:the-time when the nature 
of the ketone from’ camphor had not been elucidated it was clearly 
important to study the action df the agents above referred to on thé 
hydroximeprepared from the ketone, it being probable that if.it 
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proved to be convertible into a substituted amide, the investigatioy 
of the acid and amine produced by the hydrolysis of this ami 
would throw some light on the constitution of the ketone. 

A solution of the purified hydroxime (about 5 grams) in dry ethe 
having been cooled in a freezing mixture, a small quantity of 
phosphorus pentachloride was added ; on shaking, a colourless solid 
—probably the hydrochloride of the hydroxime—separated from the 
solution, but the phosphorus pentachloride was only very slowly 
dissolved. This being the case, the vessel was removed from the 
freezing mixture for a short time in order to hasten the action, 
the temperature of the solution being kept below 10°; on continued 
shaking, the colourless solid gradually passed into solution, the 
phosphorus pentachloride being also dissolved. As soon as no further 
action took place on adding a fresh quantity of pentachloride, the 
ethereal solution was shaken with ice-cold water, dried, and evapo- 
rated; the yellow, oily residue slowly solidified on keeping, and, 
after having been washed with a little dilute ammonia, as it 
showed an acid action, it was recrystallised from hot dilute methy! 
alcohol, from which it separated on cooling in colourless needles. 

The compound obtained in this way melted at abont 95°, was 
insoluble in water, and contained nitrogen; it was not farther 
examined as in the meantime the constitution of the ketone had 
been determined, but, as will be shown later in the paper, it is in all 
probability an acetylxylidine of the constitution C,H;Me,NHAc 
[Me: Me: NHAc=1: 2: 4]. 


Bromacetylorthozylene, C§H,BrMe,"CO-CHs,. 


In order to ascertain whether the ketone obtained from camphor 
was a saturated compound, its behaviour with bromine was in- 
vestigated. On adding to a solution of the purified ketone in chloro- 
form (about 2 parts), cooled to —16°, a few drops of a chloroform 
solution of bromine, the liquid immediately assumed the colour of 
bromine, so that at this temperature no action took place; when, 
however, the solution was allowed to rise in.temperature, the reddish- 
brown coloration soon disappeared, but no hydrogen bromide was 
evolved. On now continuing the addition of the chloroform solu- 
tion of bromine to the liquid kept at about 0°, a yellowish-red 
solid was gradually deposited, and, by the time that one molecular 
proportion of bromine had been added the contents of the flask had 
become almost solid; on removing the flask from the freezing 
mixture and placing it aside, the solid product soon began to pass 
into solution, while hydrogen bromide was evolved in large quanti- 
ties. .It was evident, theréfore, that the solid product was an un- 
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stable additive compound, which decomposed at the ordinary temper- 
ture. 

: As soon as the evolution of hydrogen bromide was at an end the 

clear chloroform solution was washed with dilute sodium carbonate 

and water successively, and dried with calcium chloride; on evapo- 

rating the chloroform, a dark-green oil was obtained. 

This oil was cooled to about —10°, mixed with a little light petr- 
oleum, and a few crystals, obtained in the manner described below, 
were placed in the solution; after a short time, crystallisation com- 
menced and a large quantity of a blue or slate-coloured powder was 
deposited. This substance was separated by filtration, washed with 
a little light petroleum, dried on biscuit ware, and then recrystallised 
from boiling light petroleum, with addition of animal charcoal. 

The colourless crystals of the bromo-derivative obtained in this 
way were kept for some time over sulphuric acid, and then analysed 
by Carius’ method, with the following results :— 


I. 0°4000 gram gave 0°3324 gram AgBr. 
II. 0°2327 m 0°1944 o 


Calculated for 
C,H, BrO. 


Br wweseseeeee S524 p.6 35:36 35°54 p.c. 


The substance is. therefore, a monobromo-substitution product of 
the ketone, and its formation under the circumstances above 
described is evidence of the saturated character of the ketone. 

It separated from boiling light petroleum in lustrous, colourless, ill- 
defined plates, but when crystallisation took place slowly it was 
deposited in well-defined, flat, hexagonal plates, and in short, compact 
prisms; it crystallised from warm dilute alcohol in beautiful long 
needles. It melted at 63—64°, and distilled with only very slight de- 
composition under the ordinary atmospheric pressure, when heated in 
small quantities, the vapours evolved being extremely irritating when 
inhaled ;. it was only very ‘sparingly soluble in boiling water, but dis- 
solved freely in cold chloroform, acetone, benzene, acetic acid and hot 
alcohol, also in cold, concentrated sulphuric acid forming a greenish- 
yellow liquid. When a dilute alcoholic solution of the bromo-de- 
rivative was warmed with silver nitrate, a yellow precipitate was 
at first produced, but on continued heating the mixture turned black. 
On warming a small quantity of the bromoketone with phenyl- 
hydrazine, a violent action was observed ; in glacial acetic acid solu- 
tion combination took place almost immediately on warming, but, as 
the product seemed to be an oil, it was not further examined. 

. The quantity of purified bromacetylorthoxylene obtained under the 
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conditions described above was about 12 grams from 11 grams of the 
ketone. The mother liquors from the crystalline product yielded m 
evaporation about 5 grams of a green oil, from which, on long keep. 
ing, a few well-defined crystals, melting at 63—64°, were deposited; 
these crystals of bromacetylorthoxylene were examined by Mr. W. J, 
Pope, who describes them as follows :— 

“* The substance crystallises in six-sided plates of great brilliancy. 
The pinacoid a{100} is the largest form exhibited by the crystals, 
but this, like the other forms present, is considerably corroded. The 
form q{011} is ordinarily small and dull; the prism p{110} is still 
smaller but gives somewhat better reflections. Traces of the pinacoid 
e{001} are frequently observed, but no measurements could be ob 
tained from the faces, which were also badly corroded. In con. 
sequence of the poor character of the faces, the measurements given 
below can only be regarded as approximate. The extinction through 
a{100} is parallel to-the edge ap. 


“ Crystalline System. Monosymmetric. 
a:b:¢ = 0957:1: 0-461. 
B = 83° 21’, 


** Forms present :— 
~ {100} .... coPoo 
p---- {110}.... oP 
. {O11} .... Boo 


Number of 
Angle. observations. Limits. Mean. Calculated. 


ap 100: 110 9 42°47'— 44° 7 = 48° 26’ 48° 32’ 
pp 110:110 8 92 20— 938 12 ° 92 55 -_ 
qq Ol: O11 11 48 4— 50 21 49 12 ~ 
qq Ol: oi! 6 129 41—131 40 130 20 130 48 
aq 100:011 9 83 9— 84 18 83 58 _ 
aq 100:011 4 95 23— 96 58 96 32 96 2” 


Attempts were made to obtain the additive compound, already 
referred to, in a pure condition, but without success. When the cold 
chloroform solution was quickly filtered before the evolution of 
hydrogen bromide commented, a cotisiderable quantity of a yellowish 
vdd substance reniained on the filter; this, however, was very unstable, 


——_ —_ & ws & wt lCUe UCC! 
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and underwent decomposition even when quickly dried on biscuit 
ware placed in a desiccator, melting to a yellowish oil, hydrogen 
promide being evolved. This oil solidified after some time to a mass 
of crystals melting at 63—64°, evidently identical with the bromo- 
derivative just described ; the crystals obtained in this way were those 
sown in the above mentioned petroleum solution. 


Bromacetylorthoxylenehydroxime, C§H,BrMe,,CMe:NOH. 


This compound was easily prepared in the following manner :— 
The purified bromoketone was dissolved in warm, dilute alcohol, and 
treated with a concentrated aqueous solution of excess of hydroxyl- 
amine hydrochloride ; after gently warming to dissolve any precipitate 
that was formed, the solution was placed aside and allowed to cool ; 
after about two hours, the mixture was again heated to about 
60°, and then kept at the ordinary temperature for two days. The 
crystals of the hydroxime which were gradually deposited were 
separated by filtration, dried in the air, and recrystallised from a mix- 
ture of benzene and light petroleum with addition of animal charcoal. 

A bromine determination, made by Carius’ method with a sample 
of the dried compound, gave the following result :— 


01801 gram gave 0°1374 gram AgBr. 


Calculated for 
C,H, Br:NOH. Found. 


33°05 per cent. 32°51 per cent. 


This hydroxime crystallised from hot dilute alcohol, and from 
boiling light petroleum in very long, colourless needles melting at 
109—110°, and dissolved freely in cold chloroform, benzene, alcohol, 
and glacial acetic acid, but was only moderately easily soluble in 
boiling light petroleum ; it seemed to be insoluble in cold concen- 
irated muriatic acid, and also in cold soda, but it dissolved in 
concentrated sulphuric acid yielding a colourless solution. 

The method of preparation given above must be strictly adhered to 
in order to obtain a good yield of the purified hydroxime. When the 
alcoholic solution of the bromoketone was boiled for some time with 
hydroxylamine hydrochloride and then mixed with water, an oily 
precipitate was produced which soon became crystalline ; this product 
seemed, however, to be a mixture of two substances, possibly the two 
modifications of the hydroxime, one of which was readily, the other 
only sparingly, soluble.in benzene. When the bromoketone was 
treated with excess of hydroxylamine in alkaline alcoholic solution in 
the nsual manner, a dirty, gum-like, yellow substance was produced. 
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Oxidation of acetylorthoxylene. 


The experiments made up to this time having shown that the 
ketone obtained from camphor was a saturated compound of the com. 
position C,)H,,0, its behaviour with oxidising agents was next studied; 
it was soon found that, by suitable treatment with nitric acid, well. 
defined oxidation products could be obtained, the process being carried 
out as follows :— ; 

The purified ketone, about 24 grams, was placed in a large flask pro- 
vided with a reflux condenser, and mixed with about 150 c.c. of a 
mixture of equal volumes of water and nitric acid (d = 1°4); ap. 
parently no action took place at the ordinary temperature, even when 
stronger acid was used but, on boiling the liquid, oxides of nitrogen 
were evolved. After heating for some hours, the partially exhausted 
acid was decanted from the undissolved oil, a fresh quantity of acid of 
the same strength as before was added, and the mixture boiled again, 
this process being repeated from time to time. As oxidation went on, 
the oil became less mobile and gradually changed to a yellow, butter- 
like mass, which in its turn was converted into a yellowish, granular 
powder. As soon as this change was complete and particles of oil 
were no longer visible, the solution—from which oxides of nitrogen 
were still being rapidly evolved—was decanted from the solid product, 
and the latter well washed with water; the nitric acid liquors, from 
which on cooling a small quantity of a yellow substance was deposited, 
were then largely diluted with water, filtered, the solid residue 
washed with water, and added to the main portion of the oxidation 
product; the total weight of the yellow powder obtained in this way 
when dried at 100° was about 23 grams. 

This oxidation product was dissolved in sodium carbonate, the 
solution boiled with animal charcoal to free it from traces of oil, 
filtered, and acidified with muriatic acid; the precipitate was then 
separated by filtration, well washed with cold water, and dried. On 
repeatedly extracting the finely-divided substance with boiling 
chloroform, an almost colourless powder remained undissolved, a 
crystalline acid passing into solution; the relative quantities of these 
two products seemed to depend to a considerable extent on the 
manner in which oxidation had been carried out, but generally 
speaking the insoluble acid formed rather more than half the crude 
mixture. 


Paraxylic acid, CsH;Me,,COOH [Me : Me : COOH = 1: 2: 4], 


On evaporating the filtered chloroform extract obtained in the 
manner just described, a crystalline acid remained which was easily 
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purified by recrystallisation, first from boiling benzene, and then from 
a mixture of chloroform and light petroleum ; analyses of the purified 
compound, dried at 100°, gave the following results :— 


I, 0°1614 gram gave 0°4250 gram CO, and 0°0980 gram H,0. 
II. 0°1702 om 04488 , 5 .(O1016 _,, 
III. 0°2002 . 05264 =, oo ORI 


Found. 


Calculated for - “w~ ~ 
I, II. IiL. 


71°81 71°91 71:70 p.c. 
675 656 662 ,, 
21°44 21°53 21°68 ,, 
The melting point of this acid was 161—162°; a solution of its 
sodium salt containing excess of sodium carbonate did not decolorise 


potassium permanganate. 
The silver salt of the acid, prepared in the usual way, crystallised 
from boiling water in colourless, slender needles, which formed 


beautiful arborescent aggregates :— 
03090 gram dried at 100° gave 0°1290 gram Ag. 


Calculated for 
CyH,O.Ag. Found. 
41°95 per cent. 41°74 per cent. 


It was evident from these analyses that the oxidation product was 
a monocarboxylic acid of the composition C,H,.0,; on referring to 
the literature, it appeared that an acid of this composition, and 
melting at 163°, had been previously obtained by Fittig and Laubinger 
(Annalen, 151, 269) by oxidising pseudocumene with dilute nitric 
acid: from the description of the properties of this acid we were at 
once led to suppose it to be identical with the compound obtained 
from the ketone, and soon succeeded in proving this to be the case. 

The acid prepared from the ketone, like that described by Fittig 
and Laubinger, was almost insoluble in cold, and only very sparingly 
soluble in boiling water, but dissolved freely in alcohol, from which 
it crystallised in microscopic prisms. Fittig and Laubinger gave 
163° as the melting point of this acid; the acid obtained from the 
ketone melted at 161—162°, so that the difference was very small and 
probably one of observation only. 

In order to obtain further evidence the calcium salt was prepared 
and analysed, paraxylic acid, according to Fittig and Laubinger, being 
a well-defined salt of the composition (C,H,O,),Ca + 3$H.0. The salt 
was easily obtained by boiling the purified acid wit water and excess 


of calcium carbonate, and then filtering the hot solution ; on cooling, it 
H 2 
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was deposited in long, colourless needles which were separated by 
filtration and dried on biscuit ware. 
Analyses of the air-dried salt gave the following results :— 


I, 0°3131 gram heated at 150—155° lost 0°0490 gram. 
0°2641 gram of anhydrous salt gave 0°1048 gram CaSQ,. 
II. 02797 gram heated at 150—155° lost 0°0428 gram. 
02369 gram of anhydrous salt gave 0°0948 gram CaSQ,. 


Found. 
Calculated for —— 
(CyH,O,.).Ca + 3} H,0. I. IT. 
15°65 15°30 p. ¢. 
11°67 11°77 ,, 


The identity of the acids from.the two sources being established, it is 
unnecessary to fully describe the properties of the compound obtained 
from the ketone, although perhaps one fact in connection with its 
silver salt may be mentioned. When this was gently heated in a 
covered porcelain crucible, the inside of the lid became covered with 
a yellowish, waxy sublimate, which from its melting point and other 
properties was found to be paraxylic acid; the acid seemed, however, 
in some, but not in all cases, to be in an unstable crystalline form, 
as, when the sublimate was scraped off the lid with a spatula, a 
sudden and considerable increase in bulk was observed and the waxy 
mass broke up into microscopic crystals. 


Xylidinic Acid, CHH;Me(COOH).. 


The colourless powder which remained after repeatedly extracting 
the crude oxidation product of the ketone with boiling chloroform 
(see above) was dissolved in alcohol, and reprecipitated from the 
filtered solution with chloroform ; this process having been repeated 
in order to free it completely from paraxylic acid, it was well washed 
with boiling chloreform and finally recrystallised from hot dilute 
alcohol. 

Analyses of two samples of the colourless, amorphous powder, 
purified in this way, and dried at 100°, gave the following results :— 


I. 01671 gram gave 0°3662 gram CO, and 0°0688 gram H,0. 
II. 0°1805 ” 0°3992 - 


Calculated for 
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The purified acid did not melt at 330°, and its solution in sodium 
carbonate solution was unaffected by potassium permanganate. 

The most probable explanation of the formation of an acid of the 
composition C,H,O, in the manner described was that it was pre- 
duced by the oxidation of some of the paraxylic acid, in which case 
it would be a methylphthalic acid; although no experiments were 
made with the direct object of proving this view to be correct, there 
is no doubt that the acid obtained was identical with the so-called 
p-xylidinic acid [COOH : COOH : Me = 1 : 3 : 4], which was first ob- 
tained by Jacobsen (Ber., 14, 2112), by oxidising isoxylic acid with 
potassium permanganate, and more recently by Claus (J. pr. Chem. 
[2], 42, 508) by the oxidation of paracymy! methyl ketone. 


Constitution of the ketone obtained from camphor. 


The formation of paraxylic acid in the manner described above 
practically settled the question of the constitution of the ketone 
obtained from camphor: the oxidation of a ketone of the composition 
C,,H,,0 to paraxylic acid being expressed by the equation 

CyH,O + 40 = C,HyO, + CO, + H,0, 
it was obvious that a methyl group in the ketone had been dis- 
placed by hydroxyl, that is to say, that an acetyl kad been converted 


into a carboxyl group; consequently the ketone had the constitution 
C,H;Me,Ac [Me: Me: Ac = 1:2:4]. On referring to the literature, 
it appeared that a ketone of this constitution and some of its deriva- 
tives had been recently described by Claus (J. pr. Chem., 41, 396), 
who had prepared it by treating orthoxylene with acetic chloride in 
presence of aluminium chloride. On comparing the properties of the 
substances described by Claus with those of the compounds prepared 
by us, the evidence of the identity of the two series of compounds was 
found to be insufficient, as the following table will show :— 


’ Claus. 

Ketone, C,oH,,0 B. p. 243° uncorr.). 

Hydroxime, CyjH,-NOH... M. p. 89°90°* (uncorr.). 

Hydrazone, C\Hy»:N,HPh .. » 118°. 

Armstrong and Kipping. 

Ketone, C,oH,,0 B. p. 246—247° (760 mm.; uncorr.). 
Hydroxime, CyH,-NOH.. M. p. 845—85.5 (uncorr.). 
Hydrazone, CijoHy:-N,HPk. » about 112° (uncorr.). 


The difference of 3—4° in the boiling point of the ketone did not 


* In a private communication we received from Claus, the melling point given 
was 88—89°. 
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seem to be a matter of much importance, as the observations wer 
probably made under different conditions; the difference of about ]° 
in the observed melting points of the hydrazone was also disregarded, 
as it was almost impossible, owing to the instability of the com. 
pound and the fact that it melted with decomposition, to hope for 
perfect agreement. The hydroxime, on the other hand, was stable in 
the air, formed well-defined crystals, and was easily obtained in a 
pure condition, so that a difference of 4}° in the observed melting 
points could not very easily be accounted for. 

We tried in vain to raise the melting point of our preparation ; a 
sample of the purified substance, melting at 84°5—85°5°, was recrys- 
tallised from dilute alcohol, light petroleum, dilute acetic acid and 
water successively, but the melting point remained unchanged. 

It became necessary, therefore, to obtain additional facts before the 
question of identity could be satisfactorily settled. 

Claus (loc. cit.) having described a crystalline condensation product 
melting at 113° which he obtained by treating acetylorthoxylene with 
hydrogen chloride, we first studied the behaviour, under like con- 
ditions, of the ketone obtained from camphor. On passing hydrogen 
chloride into a few grams of the ketone obtained from camphor, the 
yellow oil first turned wine-red and then dark brown, and gradually 
became less and less mobile; after passing the gas for about four 
hours, the product was mixed with water, the mixture boiled for 
some time to expel unchanged ketone, and the water decanted from 
the brown, insoluble oil; on adding a little alcohol, the oil slowly 
solidified, and after several recrystallisations from dilute alcohol and 
from benzene, it was obtained in pale yellow plates and prisms, melt- 
ing at 111—112°. 

We next proceeded to synthesise acetylorthoxylene in the manner 
described by Claus, and obtained a yellowish oil, boiling at 246—247°, 
which had the very characteristic odour of the ketone prepared from 
camphor. A portion of this oil was treated with phenylhydrazine in 
glacial acetic acid solution; the hydrazone obtained melted at the 
same temperature, and was identical in appearance and properties 
with the compound previously prepared from the camphor ketone; 
both compounds crystallised in flat plates or prisms, which showed 
straight extinction in polarised light. Another portion of the oil pre- 
pared from orthoxylene was treated with hydroxylamine ; the hydr- 
oxime thus produced melted, after recrystallisation, at 84°5—985:5°, 
and was indistinguishable from that obtained from the camphor 
ketone ; on warming a portion of the hydroxime with acetic chloride, 
a crystalline acetyl derivative was obtained, melting at 71—72°, and 
identical with that obtained from the hydroxime of the camphor 
ketone. 
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Finally, we were able, through the kindness of Professor Claus, who 
sent us a sample, to directly compare the hydroxime of acetylortho- 
xylene prepared in his laboratory with the compound obtained 
from the camphor ketone; the two substances melted at the same 
temperature (84°5—85'5°) when suspended on the same thermometer, 
and showed the same behaviour in every other respect. 

One point only remains to be mentioned with regard to the question 
of identity ; the compound melting at 95° which was obtained by 
treating the hydroxime of the ketone with phosphorus pentachloride 
(see p. 86) melted at the same temperature and was evidently iden- 
tical with acetylxylidine [Me : Me: NHAc = 1: 2: 4], which Claus 
informs us he has prepared from the hydroxime of acetylorthoxylene 
under different conditions. 

These facts prove conclusively that the ketone CyH,,0 produced 
by the action of sulphuric acid on camphor has the constitution 
assigned to it above. 


Further investigation of “ camphren.” 


It has already been stated that the crude oil formed by the action 
of sulphuric acid on camphor consists of at least three substances, 
but only two of these, namely, camphor and acetylxylene, had been 


isolated ; it was therefore desirable to continue the investigation of 
the crude oil, with the object, more especially, of isolating the com- 
pound which imparts such a characteristic peppermint-like odour to 
the mixture. 

For this purpose we first turned our attention to the red oil which 
remains in the mother liquors from the crystalline acetylorthoxylene- 
hydrazone (see p. 81); quantitative experiments having indicated 
that the red oil is itself a hydrazone, we endeavoured to prepare the 
ketone from it by methods similar to those employed in the case of 
the crystalline hydrazone. When the red oil was treated with ferric 
chloride in boiling alcoholic solution, effervescence, due, doubtless, to 
the liberation of nitrogen, set in, and the mixture darkened ; on distil- 
ling with steam, a relatively small quantity of. a yellow oil collected 
in the receiver, a very large quantity of dark, resinous matter re- 
maining in the flask. The oil was found to have only a slight 
odour of peppermint and to contain a considerable quantity of acetyl- 
orthoxylene, which was identified by means of its hydroxime. Since 
this method failed to give the desired result, we next tried to hydrolyse 
the red oil with muriatic acid; excepting a small quantity of tarry 
matter, it readily dissolved in the concentrated acid, yielding a deep, 
reddish-brown solutiou, which, after keeping for some time, remained 
clear on adding water; when, however, the acid solution was nen- 
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tralised with sodium carbonate, a dirty, yellowish solid was precipi. 
tated. Many endeavours were made to purify this solid substance, 
but without success ; it separated from solvents in the form of a dark 
yellow or brown oil, and underwent change so readily, probably in con. 
sequence of oxidation, that we were unable to examine it satisfactorily, 

These experiments having proved unsuccessful, we again attempted 
a separation of the constituents of the crude “ camphren ” by frac. 
tional distillation, but after repeated trials, were obliged to abandon 
the attempt as hopeless; although, by working in the usual way, we 
often succeeded in collecting a large quantity of a liquid passing over, 
say, between 220° and 225°, on redistillation, it began to boil con- 
siderably below 220°, and the thermometer rose to about 240° before 
the whole had distilled. We were unsuccessful in obtaining any 
appreciable quantity of oil boiling below 200°, from which it would 
seem that the characteristic peppermint-like smell of “ camphren” 
is not due to the presence of camphorphorone or camphorone, which, 
according to Koenigs and Eppens (Ber., 25, 260), boils at 195—200° 
under 715 mm. pressure. We also endeavoured to obtain the crystalline 
tribromo-derivative of camphorphorone, described by Koenigs and 
Eppens, by treating “camphren” with bromine; although these 
attempts failed, they cannot be regarded as affording satisfactory 
evidence of the absence of camphorphorone. 

Oxidation of “ camphren” with nitric acid.—To obtain further in- 
formation as tothe nature of the other constituents of “ camphren,” it 
became necessary to resort to indirect methods. Having already 
characterised the acids produced by the oxidation of pure acetylortho- 
xylene with nitric acid (see pp. 90—93), it appeared desirable to ascer- 
tain whether well-defined oxidation products were not obtainable 
from the other constituents of the crude oil. A sample. of the oil 
collected between 225° and 235°, that is to say, freed as far as 
possible from camphor and acetylorthoxylene, was boiled with about 
30 volumes of a mixture of nitric acid (d = 1°3) with an equal 
bulk of water; dense, ruddy fumes were evolved, most of the oil 
gradually passing into solution, the remainder being converted 
into a yellowish solid. The latter was separated by filtration and 
was found to consist of xylidinic acid and paraxylic acid, doubt- 
less formed by the oxidation of acetylorthoxylene still present in 
the oil oxidised. The nitric acid solution was evaporated on the 
water-bath, the residue taken up with water, and the solution eva- 
porated again, this treatment being continued until the nitric acid 
was completely expelled ; a thick, yellow oil then remained which 
slowly deposited a small quantity of a crystalline substance when 
kept in a cool place; the mixture was then stirred up with a little 
ether, the crystals separated by filtration, washed with ether, and 
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dried on biscuit ware. The compound obtained in this way crystal- 
lised in colourless prisms, melting at about 100°, and was freely soluble 
in water, giving an acid solution ; it was proved to be oxalic acid. The 
ethereal solution of the oil separated from the oxalic acid, was evapo- 
rated and kept for a long time over sulphuric acid, but as it did not 
erystallise and could not be distilled, it was not further examined. 

Oxidation of “camphren” with potassium permanganate-——Cam- 
phor, as is well known, is only very slowly oxidised by potassium 
permanganate in neutral or in acid solution even at 100° ; experiments 
showed that pure acetylorthoxylene was also stable under the condi- 
tions mentioned, whereas crude “ camphren” was readily oxidised. 
These facts served to suggest a method of obtaining oxidation pro- 
ducts of the oil having a peppermint-like smell. About 75 grams of 
oil collected between 225° and 235°, 30 grams of concentrated 
sulphuric acid and 150 c.c. of water were placed in a large bottle, 
and a cold, saturated, aqueous solution of potassium permanganate 
was gradually added to the mixture with constant shaking; the pink 
colour immediately disappeared, and, as heat was developed to a slight 
extent, the bottle was cuoled under the tap from time to time; the 
process was stopped after adding in this way about 150 grams of 
potassium permanganate and sufficient dilute sulphuric acid to keep 
the solution acid, although even more permanganate would have been 
reduced. The filtered solution was concentrated on the water-bath 
until crystals began to separate, then strongly acidified with dilute 
sulphuric acid, and extracted 10 times with ether; the dried ethereal 
solution gave on evaporation about 20 grams of a yellow oil, which 
soon solidified to a mass of crystals. This substance was spread on 
biscuit ware to free it from traces of oil and then crystallised twice 
from hot chloroform, from which it separated in colourless, ill-defined 
masses, melting at 77—78°. 

Analyses of the compound gave the following results :— 


I. 0:1603 gram gave 0°2851 gram CO, and 01030 gram H,0. 
II. 0°1651 " 0°2974 99 01012 _—Ssé,, 


Found. 


Calculated for —_—__—J 
I, II. 


48°50 49°12 p.c. 
714 681 ,, 
44°36 4407 ,, 


The compound was an acid; it readily dissolved in ammonia, and 
on adding silver nitrate to the neutral solution, a colourless silver salt 
was precipitated; this salt was separated, well washed with cold 
water, and dried, first on biscuit ware and then at 100°; it seemed to 
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be amorphous, only sparingly soluble in boiling water, and compan. 
tively very stable. 
0°4445 gram gave 0°2667 gram Ag. 
Calculated for 
C;H,0,Ags. Found. 
BBs ccccece 59°93 per cent. 60°00 per cent. 


The melting point and other properties of the acid at once led 1s 
to suspect its identity with the a-methylglutaric acid prepared by 
Wislicenus and Limpach by the decomposition of the ethereal salt 
produced by the interaction of ethylic A-iodopropionate and ethylic 
sodiomethylacetoacetate. Just about the time when we were en. 
gaged in settling this question, Koenigs and Eppens (loc. cit.) pub. 
lished a short account of some experiments on camphorphorone, the 
ketone of the composition C,H,O obtained by the dry distillation of 
calcium camphorate. They stated that, on oxidation with potassium 
permanganate, camphorphorone yields an 2-methylglutaric acid which 
they proved by direct comparison to be identical with Wislicenus and 
Limpach’s acid, at the same time giving a very complete account oi 
the properties of the compound. 

On comparing Koenigs and Eppens’ description with the proper- 
ties of the acid obtained by us, there was agreement as to melting 
point and solubility, and a neutral solution of our acid gave precipi- 
tates with mercurous nitrate and copper sulphate, but not with lead 
acetate, calcium chloride and cadmium sulphate, a behaviour which 
was in accordance with Koenigs and Eppens’ statements. One fact, 
however, seemed for a short time to point to the two acids not being 
identical, numely an apparent difference in the properties of their 
mercuric salts ; a neutral solution of Koenigs and Eppens’ acid was 
stated to give no precipitate with mercuric chloride, whereas 4 
neutral solution of the acid prepared from “camphren ” gave a very 
considerable precipitate. This difference in behaviour, however, 
was simply due to a difference in conditions ; we used a neutral solu- 
tion of the ammonium salt, they a neutral solution of the 
barium salt, and the reason that a precipitate is not produced 
in the latter case is because the mercuric salt is readily soluble in 
presence of barium chloride (or calcium chloride). Through the 
kindness of Dr. Koenigs, we were able to satisfactorily establish the 
identity of the acids from the two sources by direct comparison. 

It may be noted that Kachler (Annalen, 164, 83 and 89) seems to 
have obtained a-methylglutaric acid by the oxidation of “ camphren” 
with nitric acid and with chromic acid; his statements regarding 
the properties of the compound, however, are too meagre to decide 
the question. 
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The theoretical interpretation of the results recorded in this com- 
munication will be discussed in a subsequent paper. 


Chemical Department, 
City and Guilds of London Central Institution, 


Exhibition Road. 


1V.—Note on the Refractive Indices and Magnetic Rotations of Sulphuric 
Acid Solutions. 


By Seencer Umrrevitte Picxerine, F.R.S. 


Tae many points of similarity which exist between the refractive 
indices and magnetic rotations of substances render it interesting to 
see whether, in the case of sulphuric acid solutions, the refractive 
indices would yield results similar to those obtained by Dr. Perkin 
with the rotations (see this vol., p. 57, et seg.). I propose, therefore, 
giving a very brief account of an examination which I made 
some time ago of Van der Willigen’s measurements of the re- 
fractive indices of the acid (Arch. Musée Teyler, 1868, 1, 74). These 
measurements were no doubt very carefully made, but their accuracy 
is marred by uncertainties as to the temperature and the strength of 
the acid. Van der Willigen made observations at various temperatures, 
and from these deduced values for certain selected temperatures, but 
the method adopted for ascertaining the temperature of the liquid in 
the prism during the observations was by no means perfect. The 
strengths of the solutions were determined by ascertaining their 
densities (also at various temperatures), and comparing them with a 
table of Bineau’s construction; but Van der Willigen found that 
owing to leakage some of the solutions had altered in strength during 
the observations. 

In Table I (next page), I give a summary of the results. The per- 
centage strength, p, is deduced, at the mean temperature ¢, by the 
help of my own tables (Trans., 1890, 51, 152), water at 4° = 1; in 
only one or two cases do these values differ much from those deduced 
by Van der Willigen (p’), and the alterations effected by taking the 
values p instead of p’ render the peculiarities of the results mentioned 
below rather less, instead of more, apparent. The refractive index 
here given is the mean value for eight lines in the spectrum, from B 
to G inclusive, the observations for the four extreme lines utilised by 
him, A, a, H’, and H, being rejected, as having been less amenable to 
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accurate observation. I also give the dispersions, the values being 
the means deduced for the four rays B to E, less those for the four 
rays b to G. 


TaBLe 1.—Refractive Indices and Dispersions of Sulphuric Acid 
Solutions. 
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The accompanying plate gives a rough illustration of the figure 
formed by the results. If we accept Van der Willigen’s estimate of 
the experimental error, or if we accept an estimate based on an ex- 
amination of the internal evidence afforded by the various observations 
themselves, it would appear that no consecutive four of the points lie 
on any simple curve, a result which would follow, if the refractive 
indices showed the same number of “ breaks” as do the other proper- 
ties of sulphuric acid which I have examined. But to indicate all 
these breaks, a far larger number of observations would be necessary 
than are here available, and the only way to extract any information 
from the results is to assume that the experimental error is larger 
than it probably is, and then, on making drawings in accordance with 
this assumption, we shall obliterate the minor breaks, and leave only 
those which are more prominent. 

On doing this, we find that there is a very strongly marked break, 
and also maximum, at 84 per cent., almost the exact composition of 
the monohydrate (845 per cent.) ; then there is a much less well marked 
break at about 60 per cent., the composition of the tetrahydrate (577 
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per cent.), and, finally, another rather better marked one at about 24 
per cent. ; the position of this last is, however, uncertain, as the 
remaining points do not lie satisfactorily on the curve drawn (a more 
open scale than that used in the woodcut must, of course, be used ; 
the point at 0 per cent. really lies considerably below the curve) ; it 
is almost certainly not at a lower percentage than 24, but it might be 
at any higher percentage up to 30. These results, therefore, agree well 
in two cases with the molecular rotations, which showed breaks at 
84, and 48 or 58 per cent.; the rotations, however, showed no break 
at a lower percentage, but the comparatively small rate of change in 
the case of the weak solutions and the comparative magnitude of the 
experimental error would have been very unfavourable for the re- 
cognition of any break which existed in these regions. 

I have examined the dispersions graphically also, but beyond the 
indication of some change in the neighbourhood of the:monohydrate, 
and possibly another in the region of the weaker solutions, they yield 
no satisfactory results, owing to the smallness of the changes shown 
in comparison with the magnitude of the experimental error. 

When through a paucity of available points, or through the mag- 
nitude of experimental error, the minor breaks which a figure may 
possess are bridged over, those which are the more prominent will 
be left, and the prominence favourable to a break being thus left 
will not consist so much in its having been well marked as to ex- 
istence or position in the full figure, but in its coming at a place 
where the general direction of the figure undergoes a charge. The 
break at 29 per cent. was in most of the properties which I examined 
well marked in this respect, especially in the contractions and freezing 
points (loc. cit., pp. 82, 338). Iskould not, however, have selected those 
at 84 and 58 per cent. as very prominent in any sense ; in several of the 
properties, indeed, this prominence was conspicuously absent, and in 
the densities, the break at 58 per cent. was one which appeared to me 
to be specially uncertain (p. 76). It is somewhat difficult, however, 
to decide from the mere inspection of a complicated figure the relative 
importance of the various changes exhibited by it ; the real prominence 
of a break may often be masked by other minor ones in its vicinity, 
and I had already found some reasons for regarding both of these 
breaks as prominent ones (pp. 131 and 103,105). It was interesting, 
therefore, to see whether these particular breaks, or if not, what 
breaks, would remain if the data in my density determinations had 
been as meagre as those of the refractive indices or the magnetic 
rotations. Instead of taking the densities themselves for this investi- 
gation, I deduced from them the molecular volumes of the acid in 
solution, that is, the volume of 98°72 grams of acid, assuming that 
the water occupies the same volume as before mixing it with the acid ; 
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these values are strictly analogous to the molecular rotations, and | 
took them at points coincident with those in Dr. Perkin’s wor 
They are given in the left-hand half of Table II. To render the jp, 
dications given by these results more certain, I have inserted value 
at three other strengths, marked by asterisks in the table. 


Taste II.—Molecular Volume of H,SO, in Solution at 18°. 
2 1-0001307 (100—p) | 97:32 


- ; density = s; and 


Mol. vol. = [ 


P 
percentage strength = p. 


Strength per cent. Mol.volume. Strength per cent. volume. 
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When plotted out they form a remarkable curvilinear figure (see 
the woodcut), with three breaks at about: 83:5, 60, and a little under 
30 per cent. respectively. The experimental error of the density de- 
terminations, and, consequently, that of these molecular volumes, is 
well known ; and, the drawing here shown represents the mean error 
of the points to be considerably larger than the known error, so that 
the indication of three breaks only by this figure by no means militates 
against the idea of there being really more breaks. The break at 84 
per cent. is well marked, and could not be bridged over without 8 
sudden and very considerable increase in the error of the drawing; 
that at 30 per cent. is also well marked, the section of the figure below 
this point consisting of an appreciably straight line; the break at 
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about 60 per cent. is less well marked, and its position might well be 
2 or 3 per cent. on either side of this point. Thus in every particular 
the density determinations are in harmony with those of the refractive 
indices, and correspond with those of the magnetic rotations, as 
closely as the larger magnitude of the experimental error with the 
latter property would lead us to expect. Thus we get further 
evidence that all the properties of solutions of a given substance 
show more or less sudden alterations at certain points, and that, 
however dissimilar the figures formed by these properties may be, 
they are all consistent in the positions indicated by them for these 
changes. 

I have added four points for solutions weaker than 9 per cent. to 
those given in Table I, and they show that the molecular volumes 
decrease very rapidly after this strength, there being evidently another 
break near 9 per cent.; the various properties which I examined 
showed one at 8°7 per cent. 

I thought it well to make sure that the particular breaks shown by 
this series of values were not in any way due to the particular strengths 
selected for the determinations, and i, consequently, calculated the 
values for strengths about intermediate between those already given. 
This second series is entered in the right-hand half of Table II, and 
when plotted out it shows the same three breaks, just as well as, or 
perhaps even better than, the first series. I investigated in a similar 
manner the rate of change of the densities themselves (first differen- 
tial), taking points corresponding to those of which Van der Willigen 
made observations, and obtained precisely similar results. 

It is certainly satisfactory to find that a break—that at 58 per 
cent.—which I had considered as marked in a specially doubtful 
manner by the densities (and which has been made the object of 
more than one adverse criticism) is really one of the most prominent, 
according even to these same densities, when they are further investi- 
gated, just as it was in the case of several other of the properties 
examined. 

We might wish that the determinations of the magnetic rotations 
and refractive indices were sufficiently numerous to show whether in 
minor details, as well as in their more general indications, they agree 
with my results with other properties. The enormous labour entailed 
in determining the rotations precludes the hope that Dr. Perkin will 
ever make his series more complete ; the determinations of the refrac- 
tive indices, however, would prove a much easier task, and, provided 
sufficient care were taken to keep the temperature and strengths of 
the solutions constant, I have no doubt but that a full series of ob- 
servations would supply further important evidence as to the nature 
of sulphuric acid solutions. 


V.—On some new Bases. Part I1.—Methoxyamidodimethylbenzey 
[OCH;: NH,: CH;,;: CH; = 1:2: 4:6] and some of its Derivatives, 


By W. R. Hopexinson and Leonuarp Limpacu. 


In Part I of this investigation, we described a base obtained from 
paraxylidine. To obtain a sufficient quantity of pure paraxylidine 
from commercial xylidine, large amounts of the latter had to be 
operated on, and a method was finally devised by which both pan. 
and 1:2: 4-meta-xylidine could be separated from each other ani 
from other isomers and substances present in the commercial product, 
and obtained in a state of purity. 

As a rule, asymmetric metaxylidine is the main constituent of the 
commercial article. 

From this metaxylidine we have prepared 1 : 2: 4-metaxylenol, in 
the following manner :—A solution of the sulphate was diluted so as 
to contain not more than 50 grams to the litre, and to this the 
theoretical amount of nitrite was added; on passing steam into the 
liquid, xylenol distilled over, the yield being almost theoretical. 

In several experiments, however, a strong solution of xylidine 
acetate, containing 200 grams to the litre, was treated with the 
theoretical quantity of nitrite, and then well acidified with 20 per 
cent. sulphuric acid and steam distilled; the yield in these cases was 
not quite half the theoretical, and the distillate, on fractional dis. 
tillation, was found to contain aceto-xylenol, some substances not 
volatile with steam, but distilling at a high temperature, being also 
produced. The yield of phenols obtained by diazotising isomeric and 
homologous bases, and then hydrolysing the product under different 
conditions, is a matter we hope to draw attention to later. 

The 1 : 2 : 4-metaxylenol thus obtained is a colourless liquid, boiling 
without any change at 211°5° (thermometer in the vapour). During 
the past two years, this xylenol has been repeatedly cooled to —20°, 
when it became thick and viscous, but there was no sign of 
crystallisation, although Staedel and Holtz (Ber., 18, 2921), and 
also Jacobsen (Ber., 18, 3464),* state that by cooling they ob- 
tained, presumably, the same 1 : 2: 4-xylenol as a crystalline 
mass which melted at 25—26°. Jacobsen could, however, only 
obtain his xylenol in a crystalline state by placing it in contact 
with a ready-formed crystal. As we had no such crystal at our dis- 

* The crystalline mass becomes so hard that the” flask has to be broken to get 


any out. Xylenol absorbs moisture from the air very rapidly, as is the case with 
phenol, and this undoubtedly prevents the formaticn of crystals. 


ee 
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, we cooled about 5 grams of the xylenol in a test-tube with a 
mixture of solid carbon dioxide and ether, and further hastened the 
evaporation by placing the whole under an air pump. At the low 
temperature thus produced, the xylenol solidified to a hard, trans- 
parent, glassy mass, which became white and opaque on sharply 
tapping the tube for a little time with a glass rod. On placing some 
of the solid thus obtained in contact with about 300 grams of liquid 
xylenol at 17°, crystals commenced to form ; after three days, at 10°, the 
flask was set to drain, when 160 grams of liquid drained away, and 
the remaining solid lost a few grams on pressing between paper, but 
eventually 120 grams of crystals melting at 25—26° were obtained. 
It forms long, colourless needles, much resembling those of ordinary 
phenol. 

The 160 grams of liquid xylenol was again distilled. It passed 
over entirely at 211—212°. Crystals put to this again cause a partial 
solidification only. In no case are the crystals so coherent that 
force has to be employed to detach them from the glass. A trace of 
water has been found sufficient to prevent crystallisation. 

The derivatives hereafter described were, for the most part, made 
from the liquid xylenol before it was induced to solidify. 

Both the liquid and solid xylenol give a coloration with ferric 
chloride, as described by Jacobsen (Joc. cit.). On the addition of ferric 
chloride to the colourless solution in alcohol, it at first becomes bright 
green, and finally blue on dilution with water. 


Nitrometazylenol [OH : NO, : CH;: CH; = 1:2:4: 6]. 


Metaxylenol is very easily nitrated, the mono-derivative being 
formed in almost theoretical amount by dissolving 1 part of xylenol 
in 10 parts of glacial acetic acid, cooling in ice, and adding gradually 
the theoretical quantity of nitric acid, also dissolved in acetic acid. 
Higher nitro-derivatives and oxidation products are liable to form if 
the temperature is allowed to rise above 5—6°. On standing fora 
short time in ice-cold water, or placing the mixture in a current of cold 
air, the mononitro-derivative crystallises out in pale yellow prisms, 
which may be obtained 5 or 6 cm. long. It is easily purified by crystal- 
lisation from alcohol, or, better, by distillation with steam. As thus 
obtained, it melts at 72° (Lako, Annalen, 182, 32, gives 68°5° only 
as the melting point). 

On reducing this nitroxylenol and distilling the amidoxylenol with 
sodium formate, a methenyl compound is formed, showing that the 
nitro- and hydroxy-groups are adjacent. 

We are investigating some products obtained from this methenyl 
compound. 

VOL. LXIII. I 
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Analysis of mononitroxylenol, m.p. 72° :— 


0:1543 gram of substance gave 10°7 c.c. of N at 16° and 760 mm, 
= 811 per cent. 
Calculated for C,H,NO; = 8°38 per cent. 


Methoaynitrodimethylbenzene or Methoxynitrorylene [1 :2: 4:6). 


This substance can be made either by mixing nitro-xylenol with 
the calculated quantity of alcoholic potassic hydrate and methyl 
iodide and heating at 80° in soda-water bottles for a few hours, or, 
better, by heating the pure dry potassium salt ofthe nitroxylenol 
with excess of methyl iodide in a copper digester at 100°. The red 
colour of the potassium salt changes to pure yellow as the methyl 
salt is formed; after distilling off the excess of iodide, the residue is 
treated with very dilute sodic carbonate solution, and the nitromethy] 
derivative extracted by agitation with ether. On evaporation, the 
compound is obtained in almost colourless prisms, which melt at 27° 
and distil at 269°5° without decomposition. 

Analysis :— 


I. 0°2130 gram of substance gave 0°4638 gram CO, and 0°1165 gram 
’ OH, = C 58°40 and H 6:08. 
II. 0°1970 gram of substance gave 132 c.c. of N at 11° and 760 mm. 
= 7°98 per cent. 
Found. 
ome 
I. II. 
58°40 — 
6°08 — 
— 7°98 


Methoxyamidodimethylbenzene [OCH; : NH,: CH, : CH, = 1:2:4:6]. 


Methoxynitrodimethylbenzene is a difficult substance to reduce, 
and, whether this is effected by tin and hydrochloric acid or by iron 
and acetic acid, the yield is far from being quantitative. 

In every method of reduction employed, we have obtained, along 
with the new base, four to seven times as much of a semi-solid basic 
substance not volatile in steam. The loss of base was greatest when 
the product of reduction was made alkaline and steam distilled. A 
safer plan than steam distilling is to render the liquid alkaline with 
cold potassium hydrate, pass a stream of carbon dioxide through the 
mass to partly neutralise the alkali, and then extract with ether. 

Generally, the product thus obtained retained a little of the nitro- 
compound. To separate this, the crude base was dissolved in dilute 
hydrochloric acid, the solution shaken several times successively with 
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ether to remove any nitro-compound that might be present, and 
finally precipitated with potassium hydrate in very slight excess. 

Methoxyamidodimethylbenzene is a colourless, mobile liquid at the 
ordinary temperature, and remains liquid when cooled to —10°. It 
poils evenly, and distils without any decomposition at 239°5° (ther- 
mometer in the vapour). On exposure to air, it darkens consider- 
ably. 


Analysis :— 


01290 gram of substance gave 0°5020 gram CO, and 0°1503 gram 


The hydrochloride forms large, colourless plates, not very deli- 
quescent in ordinary air. 
The platinochloride forms yellow, rhombic prisms, also permanent 
in air. 
Analysis of air-dried crystals :— 
0:1727 gram of substance gave 0°0473 gram of platinum = 27:38 
per cent. Calculated = 27°3 per cent. 


The formyl derivative was made by evaporating the base to dryness 
with excess of formic acid and distilling the salt formed. It crystal- 
lises from dilute alcohol in slender needles and prisms which melt 
at 68°. 

Analyses for nitrogen gave:—I. 8°01 per cent.; II. 7:98 per cent. 

Calculated for C,,H,,NO, = 7°82. 


The acetyl derivative crystallises from dilute alcohol in moderately 
large crystals, very similar to ordinary fluorspar. It melts at 96°. 


Analysis for nitrogen gave:—I. 7°38 per cent. Calculated for 
C,,H,,0O,N = 7°25 per cent. 


Methoxyhydroaydimethylbenzene [OH : OCH;: CH;: CH; = 1:2:3:5]. 


Xylocatechyl monomethyl ether—This compound was prepared 
from the base just described. 10 grams of the base were dis- 
solved in dilute sulphuric acid, diazotised by the addition of 
42 grams of nitrite, and the mixture steam distilled, when a heavy 
oil distilled over and collected under the water in the receiver; after 
nearly four hours’ distillation, 8 grams of oily product were obtained. 
When dried, it was found to boil at 227—228°. 

12 
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Analysis :— 
0°2310 gram of substance gave 0°600 gram CO, and 0°1870 gran 


Xylocatechol [OH : OH : CH;: CH; = 1: 2:3:5]. 


This compound was prepared by heating the methoxyphenol with 
strong hydrochloric acid in a copper digester at 160° for two hours, 
It crystallises from water in colourless prisms which, after drying 
over sulphuric acid for some days, melt at 73—74°. 

It is very similar in properties to pyrocatechol, being easily soluble 
in water, alcohol, and ether. With ferric chloride, it gives a green 
coloration, which, on the addition of ammonia, turns violet. If 
exposed to air, it becomes brown. 

Analysis :— 


0°2030 gram of substance gave 0°5190 gram CO, and 0°1380 gram 


Condensation Products from Methoryamidodimethylbenzene and Ethyl 
Acetoacetate. 


Orthomethoxy-m-ana-dimethyl-y-hydroxyquinaldine, 


This compound has been prepared by the general method of con- 
densation products of bases with ethyl acetoacetate, &c., described by 
one of us in conjunction with Max Conrad (Ber., 20, 944, et seq.). 

Ethyl acetoacetate and the base were mixed in molecular propor- 
tion and allowed to stand at the ordinary temperature for some days; 
under these circumstances, the mass becomes very thick, but not 
actually solid, even at —12°. 

The action which takes place, in the first instance, no doubt, 
involves the separation of water and formation of ethyl] orthometh- 
oxyxylylamidocrotonate. 

The intermediate product was not further investigated, but was at 
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once condensed by very rapidly heating to between 260° and 270°. 
This is best done by having a zinc chloride bath ready, heated up to 
close upon 300°, and plunging the retort, containing a few grams only 
of {the crotonate, into this for not more than two or three minutes. 
Under these conditions of very rapid heating, ethylic alcohol and 
orthomethoxy-m-anadimethyl-y-hydroxyquinaldine are the main pro- 
ducts. 

The retort containing the condensation products was rapidly cooled, 
and the solid mass extracted with boiling water. On filtering and 
cooling, the hydroxyquinaldine crystallised out in an almost pure 
state. The yield was about 60 per cent. of the theoretical. 

After completely extracting the quinaldine by hot water, a small 
quantity of methoxydixylylcarbamide was obtained by boiling the 
residue with alcohol ; this crystallised from its alcoholic solution in 
long needles melting at 173°. 

Analysis gave :— 

I, 857 per cent. N; II, 862 per cent. Theory requires 

OC[NC,H,(CH;)."OCH; },, 8°58 per cent. 


The hydroxyquinaldine was obtained pure by two crystallisations 
from hot water. It then formed very long, rhombic needles of silky 
lustre. 

When air dried, it contains 2 mols. H,O, which can be driven off at 
110—120°. 

Analyses :-— 

0°3615 gram of substance lost 0°520 gram H,O = 14°38 per cent. ; 

C,;H,;0.N + (H,0), = 14°23 per cent. 


The substance, after drying for some time at 110°, gave on 


Found. 


es. 
1 Il. 


7181 72:19 
690 6-92 
659 632 


The aqueous solution of this quinaldine has a faint, but agreeable 
bitter taste. It is slightly alkaline; is not volatile in steam, and is 
only slightly soluble in ether, benzene, or petroleum: with strong 
soda solution, it forms a beautiful, crystalline salt, and all its com- 
pounds with acids are also crystalline. 

The hydrochloride crystallises from water in long needles which, 
after drying at 100°, gave on analysis 13°58 per cent. chlorine; 
€,:H,,0,N,HCl requires 140 per cent. 
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Other Xylenol Derivatives. 


Although not directly connected with the formation of the ney 
base described, several other xylenol derivatives have been prepared 
in order to identify the xylenol we employed with the 1 : 2 : 4-xylend 
described by Jacobsen and others before it was obtained in a solid 
form. 

Acetylaylenol [Ac : CH; : CH; = 1:2: 4],—This substance wa 
obtained when xylidine acetate was diazotised (p. 104). It distilled 
over in a current of steam along with the xylenol, from which it was 
easily separated by fractional distillation; it boils at 315°. On long 
standing, a few crystals form at the ordinary temperature. 

Analysis :— 


0°1388 gram of substance gave 0°4153 CO, and 0°1040 H,0. 


Found. 
81°6 
8°31 


Xylenolsulphonic Acid—The xylenol was dissolved in chloroform, 
the calculated quantity of sulphonic monochloride added, and the 
chloroform allowed to evaporate. The barium salt was then prepared 
and crystallised from hot water; it crystallises from water in brilliant, 
rhombic plates. 

Analysis :— 


03853 gram of the dried salt gave 0°615 gram BaSOQ, = 25°22 
per cent. Ba. 


Theory requires 25°42 per cent. The salt contains 1 mol. H,0, 
which is expelled at 100°. 

On treating this barium salt with excess of bromine, a bromo- 
derivative was obtained melting at 62°5°. It crystallises well from 
alcohol and is also slightly soluble in water. It distils almost with- 
out decomposition. 

Analysis :— 


03111 gram of substance gave 0°4230 gram AgBr = 57°85 per 
cent. Br. 


A dibromoxylenol would require 57:2 per cent. 

Xylenol acetate, prepared by acting on the xylenol with acety! 
chloride, is a colourless, highly refracting liquid boiling at 226—227". 

Monobromozylenol, prepared by adding bromine to the chloroform 
solution of xylenol, is a liquid which boils with slight decomposition 
at 227—230°. 


VI.—The Reduction Products of 2 : 6-Diacetylheptane. 
By F. Srantey Kriepine, Ph.D., D.Sc. 


Wuen ethylic dimethyldiacetylpimelate is treated with alcoholic 
potash, it undergoes decomposition in various directions yielding, 
among other products, 2: 6-diacetylheptane* (compare Kipping and 
Mackenzie, Trans., 1891, 59, 569), the formation of which takes 
place in accordance with the equation 


COOEt-CMeAc:[CH,],-CMeAc‘COOEt + 4KOH = 
CHMeAc*[CH,];;CHMeAc + 2K,00, + 2C,H,-OH. 


This diketone is a homologue of- diacetylpentane, 
CH,Ac*[CH,],-CH,Ac 
(compare Kipping and Perkin, Trans., 1889, 55, 330, and 1891, 59, 
214), and its preparation was undertaken in order to study its 
behaviour on reduction. 

It has been previously stated, that when diacetylpentane is treated 
with sodiura and moist ether, it is converted into dimethyldibydr- 
oxyheptamethylene, 

CH,°CH."CMe-OH ? 


| 
CHe< oH,.CH,COMe-OH : 


it seemed probable, therefore, that the homologue, 2 : 6-diacetyl- 
heptane, would behave in a similar manner, and yield a tetramethy]l- 
dihydroxyheptamethy lene, ; 


C H.-CHMe-’C (OH)-CH; 


CH,-CHMe:-CO-CH; ' 
CH,CHMe-0(OH)-CH 


CH.< 
CH,-CHMe-CO-CH; 


+ H,=CH< 


A considerable quantity of pure diacetylheptane having been 
prepared, it was reduced with moist ether and a large excess of 
sodium in the manner described below, and the product purified by 
distillation under reduced pressure; a great many analyses of the 
colouriess oil obtained in this way were made, but in every case the 
results agreed, not with those required by a tetramethyldihydroxy- 
heptamethylene of the composition C,,H,,0,, nor with those required 
by a 3: 7-dimethyl-2 : 8-dihydroxynonane, 


CH,-CH(OH)-CHMe-[CH,];CHMe-CH(OH)-CHs, 


* The system of nomenclature suggested at the Geneva Congress is adopted in 
this paper. 
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of the composition C,,H,,0., but with those calculated for a mixtur 
of approximately equal quantities of the two compounds. As, on 
repeating the experiment two or three times, the same result was 
obtained, it was concluded that the oily reduction product must be a 
mixture, the constituents of which cannot be separated by fractional 
distillation ; that, instead of a simple product as in the case of the 
reduction of diacetylpentane, both the heptamethylene derivative 
C,,H»0., and the open-chain glycol C,,H,,0.2, had been formed. 

Proceeding on this assumption, a number of experiments were 
made with a view of separating the two substances; this was finally 
accomplished in an exceedingly simple manner. When the crude 
reduction product is submitted to distillation with steam, a colour. 
less oil, which has a peculiar and characteristic odour, slowly passes 
over, while an almost odourless oil remains, practically non-volatile 
with steam. 

The volatile oil gave, on analysis, results agreeing well with those 
required by a compound of the composition C,,H,,.0,; the analysis of 
the non-volatile product gave results which showed that it had the 
composition C,,H,O,. 

Unfortunately, owing to the difficulty of preparing pure diacetyl- 
heptane, the investigation of these two reduction products has 
been greatly limited; it seems, however, that the following argu- 
ments leave little room to doubt that the volatile oil is a tetramethyl- 
dihydroxyheptamethylene of the constitution given above, and the 
non-volatile oil a 3: 7-dimethyl-2 : 8-dihydroxynonane. 

In the first place, excluding pinacones and other condensation pro- 
ducts, which might be formed from 2 mols. of the diketone and which 
would be characterised by a very high boiling point, only three com- 
pounds can be produced by the reduetion of diacetylheptane ; namely, 
dimethyldihydroxynonane, tetramethyldihydroxyheptamethylene, and 
the ketonic alcohol of the constitution 


CH,CO-CHMe-[CH,],;CHMe-CH(OH):CH; ; 


the percentage composition of the first-named compound is C = 70°21, 
H = 12:77, O = 17:02, that of the other two being C = 70°96, 
H = 11°83, O = 17°21. 

The analyses of the non-volatile oil and of its diacetyl derivative 
prove that it has the composition C,,H,O,, or, in other words, that it 
is a dimethyldihydroxynonane; there remain, therefore, for the 
volatile oil only two possible formule. But if the volatile oil is the 
ketonic alcohol it must be converted into dimethyldihydroxynonane 
on reduction with sodium and moist ether, because it is known that 
the original diketone, diacetylheptane, is capable of undergoing 
such a reduction; it should also combine with hydroxylamine and 
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with phenylhydrazine. As, however, the compound in question is 
not reduced by sodium and moist ether, and does not combine with 
either of the ketone reagents, it must be a tetramethyldihydroxyhepta- 
methylene. ‘ 

This conclusion is borne out by the great similarity in properties 
between the volatile oil and the dimethyldihydroxyheptamethylene 
previously described, the most striking points of resemblance being 
that both compounds are volatile with steam, and have the same 
peculiar, characteristic odour, 

It is a curious and rather unexpected fact that whereas diacetyl- 
heptane yields two products on reduction, diacetylpentane gives 
only the heptamethylene derivative; as the conditions under which 
reduction takes place are exactly the same in the two cases, this ob- 
served difference in behaviour can only be due to the slight difference 
in constitution of the two diketones, the one being a dimethyl 
derivative of the other. This is, however, by no means the only 
case in which substances bearing a relationship to one another 
similar to that existing between diacetylheptane and diacetylpentane 
have been found to show a marked difference in chemical behaviour. 
In the case of succinic acid and tetramethylsuccinic acid (Auwers 
and Meyer, Ber., 23, 101) for example, and in that of maleic acid 
and pyrocinchonic acid (Bischoff, Ber., 23, 620), it has been shown 
that the acid containing the methyl groups is more readily converted 
into the anhydride than the non-substituted acid, or else is only 
capable of existence as an anhydride. Although attempts have been 
made to explain the difference in behaviour of the compounds just 
mentioned (Bischoff, ibid., 623) the theory put forward is based 
on very uncertain grounds, and its application to the case of the 
diketones in question would obviously be of little value. 


2: 6-Diacetylheptane, CHs-CO-CHMe-[CH;]..CHMe-CO-CHs. 


The diacetylheptane employed in this investigation was pre- 
pared and purified in the manner already described (Kipping and 
Mackenzie, Trans., 59, 1891, 569); as it was absolutely necessary to 
work with a pure compound in order to obtain trustworthy results, 
the three samples of the diketone which were used in the reduction 
experiments were analysed, and the following results obtained :— 


I. Fraction boiling at 191—193°* (105 mm.).—0°1998 gram of 
substance gave 0°5230 gram CO, and 0°1952 gram H,0. 

II. Fraction boiling at 190—192° (100 mm.).—0°1810 gram of 
substance gave 0°4734 gram CO, and 0°1761 gram H,0. 


* The boiling points given in this paper were all determined with a small Zincke 
thermometer, and are not corrected. 
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IIL. Fraction boiling at 202—204° (150 mm.).—0°1471 gram of 
substance gave 0°3842 gram CO, and 0°1441 gram H,0. 


Found. 


Calculated for lam ~ 
I II. III. 


71:38 71°32 71-23 p.e. 
1085 1081 1088 , 
17-77 1787 17-89 ,, 


Reduction of Diacetylheptane. 


In reducing the diketone, about 20 grams of the pure compound is 
dissolved in about 100 c.c. of pure ether, the solution placed in a large 
bottle containing about 200 c.c. of concentrated soda, and sodium 
added in portions of about 1 gram at a time, the metal being cut up 
into small blocks; the bottle is provided with a reflux condenser, and 
placed in a large vessel of cold water. After adding about 5 grams 
of sodium, the solution becomes turbid, owing to the separation of a 
colourless sodium derivative, and reduction takes place only slowly, 
the sodium becoming coated with a layer of the same compound ; on 
agitating the contents of the bottle and adding a little water if neces- 
sary, the sodium derivative is decomposed and the reaction agaiu 
proceeds vigorously. The addition of sodium is continued until a 
large excess of the theoretical quantity has been employed ; in the 
first experiment 50 grams of the metal were used, 10 grams being the 
quantity theoretically necessary to reduce the diketone to the open- 
chain dihydric alcohol. 

The ethereal solution of the product is then separated from the 
soda with the aid of a funnel, the alkaline liquid extracted once with 
ether, the ethereal solutions united, washed with dilute sulphuric acid 
and water successively, and carefully dried over anhydrous potassium 
carbonate ; on evaporating the ether, there remains a thick, almost 
colourless oil, the weight of which is just about the same as that of 
the diketone taken. 

When this crude product is distilled under a pressure of 115 mm., 
the thermometer rises at once to about 185°, and only a trace passes 
over below 200° ; practically the whole of the oil then distils between 
200° and 212°, and only a very small quantity of a brown residue, 
which was not further examined, remains in the flask. The fraction 
boiling at 200—212° was distilled again under the same pressure, 
and the portion boiling at 207—209°, which formed about 60 per cent. 
of the crude reduction product, collected separately.. Analyses of 
this fraction gave the following results :— 
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I. 0°2352 gram of substance gave 0°6066 gram CO, and 0°2630 
gram H,0. 

II. 02065 gram of substance gave 0°5314 gram CO, and 02323 
gram H,0. 


Calculated for Found. 


on | eR: 


70°96 70°21 p. c. 70°33 70°18 p. c. 
11°83 12°77 ,, 12°42 12°49 ,, 
17°21 17°02 ,, 17°25 1740 ,, 


It will be seen that the results of the analysis of this product 
agree neither with those required by the heptamethylene derivative, 
C,H»O,, nor with those required by dimethyldihydroxynonane, 
C,H,O., but are intermediate between the two; it seemed possible, 
therefore, that in spite of the large excess of sodium employed for 
reduction the product might consist of a mixture of the glycol, 
CyH,,0,, and the ketonic ‘alcohoi, C,,H.O,, or even unchanged di- 
acetylheptane, C,,H203. 

In order to test the truth of this supposition, the fraction of the 
oil boiling at 207—209° (115 mm.) was dissolved in pure ether and 
treated with a large excess of sodium under the conditions just de- 
scribed; the product was isolated as before and then distilled under a 
pressure of 115 mm. The whole passed over between 205° and 212°, 
and the portion boiling at 207—209°, namely, about 90 per cent. of 
the crude product, was collected separately and analysed. 

The following were the results :— 


I, 0:2132 gram of substance gave 0°5480 gram CO, and 0°2378 
gram H,O. 

II. 0°1578 gram of substance gave 0°4064 gram CO, and 0°1741 
gram H,0O. 


Calculated for Found. 


r = ——o 
C,H 20>. C,,H2,0>. I Il. 


7096 021p.c. 70:10 70-23 p.c. 
188 1277 ,, 12:39 12°25, 
1721 1702 ,, 1751 «1752, 


Since it was proved by this experiment that the composition of the 
oil had undergone no change on further treatment with moist ether 
and sodium, it was impossible that it should contain either the ketonic 
alcohol, CH,-CO-CHMe-[CH,];;CHMe-CH(OH):CH;, or unchanged 
diacetylheptane. 

Before proceeding to a more exhaustive investigation of this 
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reduction product, it seemed desirable te make sure that its peculiar 
composition was not due to some accidental impurity in the diketone 
from which it had been prepared. 

With this object in view, two different samples of pure diacetyl. 
heptane were separately reduced with moist ether and a very large 
excess of sodium. The products of reduction were isolated, as 
already described, and were found to be identical with the oil pre. 
viously prepared, in so far as could be judged by a superficial ex. 
amination; on fractional distillation, under a pressure of 115 mm, 
they both yielded a principal fraction boiling at 207—209°, analyses 
of which gave the following results :— 


Sample I.—0°1321 gram of substance gave 0°3397 CO, and 01483 
H,0, or C = 70°13 per cent., H = 12°47 per cent. 


Sample II.—0°1780 gram of substance gave 0°4574 CO, and 0°1991] 
H,0, or C = 70°08 per cent., H = 12°43 per cent. 


The only conclusion to be drawn from these experiments 1s that 
when pure diacetylheptane is reduced under the conditions given 
above, it yields a mixture of approximately equal quantities of 


tetramethyldihydroxyheptamethylene and dimethyldihydroxynonane, 
which cannot be separated by fractional distillation; this being the 
case, experiments were now commenced with the object of separating 
the two compounds in some other way, but the fact that the two 
constituents of the mixture are both dihydroxy-derivatives of hydro- 
carbons, and would, therefore, in all probability show much the same 
chemical behaviour, necessarily limited the possible methods of 
separation. 

In the first place, an attempt was made to separate the two com- 
pounds by converting them into their diacetyl derivatives and 
fractionating the mixture under reduced pressure; although this 
attempt was unsuccessful, the experiment afforded additional evi- 
dence of the composition of the reduction product, and for that reason 
will be briefly described. 

About 20 grams of the fractionated reduction product was dissolved 
in about 6 volumes of acetic anhydride, and the solution boiled in 
a flask provided with a reflux condenser; in a very short time the 
mixture turned pale-yellow, and on boiling for about three hours it 
became yellowish-brown. The acetic anhydride was then distilled 
off, and the residual oil fractionated under a pressure of 75 mm.; the 
thermometer rose at once to 180°, the principal portion passing over 
between 195° and 205°; in the flask a small quantity (about 5 per 
cent.) of a yellow or brown oil remained, which did not boil below 
210°. The fraction boiling at 195—205° was then redistilled under 
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the same pressure, and the portion boiling at 200—202° collected 
separately. 
Analyses of the colourless, mobile oil, obtained in this way, gave 
the following results :— 
I. 0°1529 gram of substance gave 0°3703 gram CO, and 0°1407 
gram H,0. 
II. 0°1728 gram of substance gave 0°4204 gram CO, and 0°1580 
gram H,0. 
III. 0°1521 gram of substance gave 0°3696 gram CO, and 0:1393 
gram H,0. 


Calculated for . Found. 


r 


a ae sei 
Cy5;Ho504. C5;Hos04. I. II. III. 
66°66 66:17 p.c. 66°05 66:35 66°27 p.c. 
963 1029 , 1022 1015 1017 ,, 
23-71 22354 , - 23°73 23:50 23°56 ,, 


The above analyses agree very fairly well with those required by a 
compound of the composition C,sH,,0,, that is to say, they point to 
the substance being a diacetyl derivative of dimethyldihydroxynonane ; 
the percentage of hydrogen is, however, distinctly too low, owing to 
the presence of the diacetyl derivative of tetramethyldihydroxyhepta- 
methylene. On the whole, the analyses confirm the conclusion pre- 
viously arrived at, namely, that the original reduction product is a 
mixture of the two dihydric alcohols named above; they show, more- 
over, that the diacetyl derivatives are not separable by fractional 
distillation. 

Other fruitless attempts to separate the two glycols it is unnecessary 
to describe; it was finally discovered that by the simple process of 
steam distillation, a satisfactory separation could be effected. 


Tetromethy dthydrozyheptamethylene, Ole oat omnes taavOn 


When the crude reduction product of diacetylheptane was sub- 
mitted to distillation with steam, an oil collected in the receiver, 
and this oil, especially when warm, had a pungent and characteristic 
odour not distinguishable from that of dimethyldihydroxyhepta- 
methylene ; the process having been continued until oil ceased to pass 
over in any appreciable quantity, there remained in the distilling 
vessel rather more than half the original reduction product. 

After the volatile oil had again been distilled with steam, in order 
to ensure a more complete separation, the distillate was extracted 
with ether, the solution dried over anhydrous potassium carbonate, 
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filtered, and evaporated ; on distilling the residual oil under a presguy 
of 60 mm., the whole passed over between 178° and 182°, and most ¢ 
it boiled constantly at 179—180°. 

Analyses of the pure compound (b. p. 179—180°) gave the following 


results :— 


I. 0°1395 gram of substance gave 0°3626 gram CO, and 0°15]) 
gram H,0. 
II. 0°1498 gram of substance gave 0°3893 gram CO, and 0:16) 
gram H,0. 
Found. 
Calculated for pocccneslh on 
C1, H 0p. I. IL. 
70°96 per cent. 70°88 70°87 per cent. 
12°09 12-06 = 
17:03 17:08 “ 


These analyses agree satisfactorily with the calculated numbers for 
tetramethyldihydroxyheptamethylene; as this compound and the 
glycol described below are the only two substances which conld 
be produced by the complete reduction of diacetylheptane under 
the conditions employed, there can be little doubt that it is a hepta- 
methylene derivative of the constitution given above; the same con- 
clusion must necessarily be drawn from the fact that the compound 
in question contains no ketonic group, as shown by its behaviour 
with hydroxylamine and with phenylhydrazine; finally, the close 
resemblance between this reduction product and the dimethyldi- 
hydroxyheptamethylene obtained from diacetylpentane, a resem- 
blance which cannot fail to be observed in working with the two 
compounds, is evidence of considerable importance, as showing a 
similarity in constitution. 

Tetramethyldihydroxyheptamethylene is a colourless oil of about 
the same consistency as glycerol; it has a peculiar and very charac- 
teristic odour, and when heated it gives off pungent and irritating 
vapours. When kept in a freezing mixture of ice and salt, it simply 
becomes very viscous and can no longer be poured, but when cooled 
to about —26° with ether and solid carbonic anhydride, it solidifies to 
a hard vitreous mass, which soon melts again when removed from the 
freezing mixture. It seems to boil under the ordinary atmospheric 
pressure with only slight decomposition if heated in small quantities; 
under a pressure of 60 mm., it boils at 179—180°, without visible de- 
composition, the distilled oil being colourless. It is miscible with 
alcohol and ether in all proportions, but is only very sparingly 
soluble in cold water; when a cold, saturated aqueons solution is 
warmed gently, it quickly becomes turbid ; a turbidity is also produced 
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when a small Jump of solid potassium carbonate is added to a cold 
aqueous solution of the glycol, but on acidifying with hydrochloric 
acid the solution becomes clear again. It dissolves in concentrated 
sulphuric acid with development of heat, yielding a yellowish-brown 
solution; if, after keeping for a short time, the solution is diluted 
with water, an oil having a peculiar, turpentine-like odour is precipi- 
tated. When treated with concentrated nitric acid, in which it is 
only sparingly soluble, a slight development of heat occurs, and oxides 
of nitrogen are evolved in small quantities; on warming, a very 
energetic action sets in, but the glycol dissolves only slowly; the 
oxidation product seems to be a yellow oil, which is insoluble in water, 
and has a strong, turpentine-like odour. When a dry ethereal 
solution of the glycol is treated with sodium, the metal slowly dis- 
solves with evolution of gas, and a colourless, deliquescent sodium 
derivative is formed. 


3 : 7-Dimethyl-2 : 8-dihydroxynonane, 
CH,-CH(OH)-CHMe-[ CH, ],->CHMe-CH(OH)-CH;. 


This glycol remains as an oil after distilling off the hepta- 
methylene derivative with steam; it is extracted with ether, the 
dried ethereal solution evaporated, and the residual oil purified by 
fractional distillation under a pressure of 60 mm.;.in the first 
operation, the whole passes over between 193° and 200°, except a 
small quantity of a brown residue; on redistillation under the same 
pressure, about 75 per cent. of the crude product is obtained as a 
colourless oil boiling at 195—196°. 

The analyses of this oil gave results agreeing well with those re- 
quired by a glycol of the above composition :— 


I, 0'1594 gram of substance gave 0°4080 gram CO, and 0°1834 
gram H,0. 
II. 0°1662 gram of substance gave 04264 gram CO, and 0°1891 
gram H,0. 
Found. 
Calculated for ———, 
C4, Ho,O>. 1. Il. 
70°21 per cent. 69°80 69°97 per cent. 
- 12°78 12°64 - 
* 17°42 17°39 és 


Dimethyldihydroxynonane is a colourless oil, having a faint sweet 
smell, and a rather burning and unpleasant taste ; it is more viscous 
than glycerol at the ordinary temperature, and can only be poured 
with difficulty, but when warmed it becomes much more mobile; 
it is specifically lighter than water at about 14°, and shows no 
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signs of crystallising even on long keeping. It is only very sparingly 
soluble in boiling water ; when a hot aqueous solution is cooled, it firg 
becomes turbid owing to the separation of the glycol, and then cley 
again when quite cold; on adding potassium carbonate to a colj 
saturated aqueous solution, a turbidity is also produced. It is miscibk 
with alcohol, ether, and glacial acetic acid in all proportions, by 
solution takes place only slowly at the ordinary temperature, owing 
to the viscous nature of the glycol. When heated in small quantities 
it distils without appreciable decomposition under the ordinary atmo. 
spheric pressure; under a pressure of 60 mm., it boils at 195—1096°, 
under a pressure of 120 mm., at 220°5°. It does not decolorise ay 
alkaline solution of potassium permanganate at the ordinary temper. 
ature, but, on boiling, oxidation quickly commences; it seems not to 
be acted on by a glacial acetic acid solution of chromic acid at the 
ordinary temperature, but a reaction sets in on warming, and the 
chromic acid is reduced. When treated with nitric acid at the 
ordinary temperature, red fumes are evolved almost immediately, and, 
ou heating, a very energetic action takes place, the oxidation pro- 
duct being soluble in water. It dissolves in cold concentrated 
sulphuric acid, yielding a yellow solution which turns reddish on 
warming gently ; on adding water, the glycol seems to be precipitated 
unchanged. 


3 : 7-Dimethyl-2 : 8-diacetoxynonane, 
CH,;-CH(OAc)-CHMe-| CH, ];;CHMe-CH(OAc)-CHs3. 


For the preparation of this compound, the pure glycol was dis- 
solved in 10 to 12 volumes of acetic anhydride, and the solation boiled 
for about six hours in a flask provided with a reflux condenser ; the 
excess of acetic anhydride was then distilled off, and the yellowish 
oily residue fractionated under a pressure of about 130mm. As soon 
as the whole of the acetic anhydride had passed over, the thermo- 
meter rose at once to 215°; and between this temperature and 225°, 
the whole of the oil distilled, leaving only a trace of a brown residue. 
The liquid boiling at 215—225° was then redistilled under a pressure 
of 110 mm., and the portion boiling constantly at 217—219° collected 
separately; this fraction formed about 75 per cent. of the crude 
product. 

Several analyses of the pure diacetyl derivative were made with 
the following results :-— 


I. 0°1784 gram of substance gave 0°4305 gram CO, and 0°1657 
gram H,0. 

II. 0°1576 gram of substance gave 0°3801 gram CO, and 0°1466 
gram H,0. 


; Cold 
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III. 0°1690 gram of substance gave 0°4085 gram CO, and 0°1595 
gram H,0. 
' Found. 
II. Iil. 
65°77 65°92 p. c. 
10°33 10°25 _,, 
23°90 23°83 __,, 


Calculated for 


” 


In addition to these analytical results, the quantity of acetic acid 
formed on hydrolysing the diacetyl derivative was determined. For 
this purpose, a weighed quantity of the pure compound was boiled 
with potash for five to six hours in a flask provided with a reflux 
condenser; after cooling, the excess of alkali was estimated by titra- 
tion with sulphuric acid, using phenolphthalein as indicator. 

These determinations gave the following results :— 


I. 05757 gram of substance neutralised 40°5 c.c. of potash; 
1 cc. KOH = 0:006190 gram C,H,0O,. 

II, 0°4218 gram of substance neutralised 29°6 c.c. of potash; 1 c.c. 
KOH = 0006190 gram C,H,0;. 


Found. 


Calculated for -——s 
C,;H.50,. i. Il. 
44°1 per cent. 43°5 43°4 per cent. 


Dimethyldiacetoxynonane is a colourless, moderately mobile oil, 
having a pleasant, fruity odour; it is specifically lighter than 
water. It dissolves readily and in all proportions in ether, alcohol, 
chloroform, &c., but seems to be insoluble in both hot and cold water. 
If heated in small quantities, it distils without visible decomposition 
under the ordinary atmospheric pressure, giving off very irritating 
vapours; under a pressure of 70 mm., it boils at 202—204°; under 
a pressure of 110 mm., at 217—219°. It is readily hydrolysed even 
by dilute potash, as shown by the quantitative experiments quoted 
above; the oil regenerated from the diacetyl derivative has all the 
properties of the original glycol. 


Chemical Department, 
City and Guilds of London Institute, 
Central Institution. 
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VII.—The Formation of Oreinol and other Condensation Products from 
Dehydracetic acid. 


By N. Cour, Ph.D., and W. S. Myers, B.Sc. 


In a paper presented to the Society some time ago (Trans., 189], 
59, 179), one of us drew attention to the fact that dehydracetic acid 
was probably the é-lactone of tetracetic acid, 


CH,CO-CH,°CO-CH,*CO-CH,-COOH 
Tetracetic acid. 
eae ‘inca intered tl 
O 


Dehydracetic acid. 


Since then various experiments have been tried in order to further 
test the correctness of this idea, but, up to the present, without 
success. During the prosecution of these experiments, however, 
several new compounds have been obtained which are of interest, as 
they show how easily the derivatives of dehydracetic acid condense, 
forming compounds which belong to the aromatic series. 

The formula which Feist (Annalen, 257, 253) has suggested for 
dehydracetic acid, 


CHsC :C H-CO-CH:CO:CH; 
o———Co 
Dehydracetic acid (Feist). 


is capable of explaining nearly all the reactions of that acid, but in 
one or two points it fails. For instance, when dehydracetic acid is 
treated with phosphorus pentachloride, a dichloride is produced, 
which is an indication of the existence of two hydroxyl groups; and 
when this chloride is heated with sulphuric acid it yields a new acid, 
isomeric with dehydracetic acid; on account of its electric con- 
ductivity, however, it is to be regarded as a true acid containing the 
carboxyl group, and is called by Feist aa-dimethylpyronecarboxylic 
acid. 

Dehydracetic acid 

aa-Dimethylpyronecarboxylic acid. K = 0°0385 

Isodehydracetic acid K = 0523 


As aa-dimethylpyronecarboxylic acid is resolved, on heating, into 
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carbon dioxide and aa-dimethylpyrone, according to Feist, its formula 


Oo 
“Wn 
CHC = 
COOH-G CH’ 
\Z 


Hs; 
aa-Dimethylpyronedicarboxylic acid. Isodehydracetic acid. 


If this formula is correct, the new acid ought, on account of the 
proximity of the CO group to the carboxyl group, to possess a higher 
constant even than isodehydracetic acid ; but this is not the case. 

The explanation which the tetracetic lactone formula gives is more 


in harmony with the facts. 
CHs'C(OH):CH-C:CH-C(OH):CH-CO 
| 


O 
Dehydracetic acid. 


vend wambemeeet Ws 
O ° 
Dichloride of dehydracetic acid. 


When treated with sulphuric acid, the dichloride gives this new acid 

isomeric with isodehydracetic and dehydracetic acids. By elimina- 

tion of hydrogen chloride and addition of water, we get 
CH;C:CH-CO-CH:C-CH,,COOH 


oli HO 


and the aa-dimethylpyronecarboxylic acid of Feist becomes— 


which on heating would lose carbon dioxide and also give aa-dimethyl- 
pyrone; an acid having this formula, as it is a derivative of acetic 
acid, would probably have a lower constant than isodehydracetic acid 
and not a larger one. 

If, therefore, we were able to prove that Feist’s aa-dimethylpyrone- 


carboxylic acid is really a derivative of acetic acid, then this fact 
Kk 2 


124 COLLIE AND MYERS; THE FORMATION OF -ORCINOL 


would be a very conclusive argument in favour of the tetracetic acid 
lactone formula for dehydracetic acid. 

Accordingly many attempts were made to produce, if possible, the 
az-dimethylpyronecarboxylic acid by the following method :— 


O 


“N 
i 
HC CNa 
\Z 
CO 
and then by acting on this sodium compound with ethyl chloro- 
formate introduce the carboxylic group in the place of the sodium. 
But all attempts were unsuccessful. Diacetylacetone was also treated 
with sodium, and the resulting sodium compound decomposed by 
ethyl chloroformate, but unaltered dimethylpyrone was the only com- 
pound which could be separated from the products of the reaction. 
Although, therefore, the chief point at issue remains in much the 
same state,* still as we have obtained two interesting instances 
of the condensation of dehydracetic compounds, we venture to bring 
the results before the Society. 


O 
“\ 


‘CH, + H, 


Preparation of Orcinol from Dehydracetic acid. 


The production of asubstance resembling orcinol when dehydracetic 
acid is treated with baryta was first noticed by Oppenheim and 
Precht (Ber., 9, 324). They did not obtain enough, however, to 
make an analysis. We first noticed the production of this substance 
during the preparation of the large quantities of dimethylpyrone and 
diacetylacetone which were necessary for the work already men- 
tioned. 

In the preparation of diacetylacetone, dimethylpyrone is treated 
with hot concentrated solution of barium hydrate. This precipitates 
a yellow barium salt, which, when dissolved in dilute hydro- 
chloric acid gives diacetylacetone. The diacetylacetone may be 
removed by shaking out with chloroform, and the aqueous residue 
containing barium chloride, after evaporating to dryness, yields by 
extraction with alcohol a considerable quantity of orcinol. The 
amount varies with different experiments; once we obtained as much 
as 4 grams from a batch of 150 grams of dimethylpyrone, We 
also tried several other methods to see if we could increase the yield, 
but without success, 

* It might be mentioned here that H. v. Pechmann has recently shown (Ber, 


24, 3603 and 4095) that dehydracetic acid can be prepared from citric acid. But 
this method of formation does not throw any additional light on its constitution. 
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No orcinol was obtained on heating the dry sodium or barium 
salt of dehydracetic acid. On boiling dehydracetic acid with barium 
hydrate, traces were noticed. By heating dehydracetic acid with 
syrupy caustic soda solution at 150°, a considerable amount was 
obtained mixed with an acid which yielded orcinol and carbon dioxide 
when heated. 

The orcinol obtained by the above methods was recrystallised from 
alcohol and ether. It melted, when pure, at 58°, and distilled at 
287—290°. It was very soluble in water, and had a sweet taste. 
But the reaction which was always used to prove its presence 
was the production of homofluorescein when it was boiled with 
caustic soda and chloroform. This homofluorescein is a bright red 
substance which dissolves in water with a splendid green fluo- 
rescence. 

When the orcinol was treated with excess of bromine, pentabrom- 
orcinol was formed (an analysis gave 76°8 per cent. Br; calculated 
for C;H;,0,Br;, 77°07 per cent. Br). A combustion of the orcinol was 
also made. 


01312 gram of substance gave 0°2855 gram CO, and 0:0876 
gram H,0. 
0'1545 gram of substance gave 0°3368 gram CO, and 0°0990 gram 


Found. 
Calculated for -_--osF 
C-H,0.2,H,O. I. II. 
59°34 59°36 
7°41 711 


Thus proving, beyond doubt, that the substance was orcinol. 

Various attempts were made to separate the acid obtained by the 
action of caustic soda on dehydracetic acid, but, as the acid was not 
only very soluble in water but was also mixed with orcinol itself, it 
could not be obtained in a state fit to determine its properties. It 
did not resemble orsellinic acid, with which it is isomeric, but in 
several respects resembled the dihydroxyphenylacetic acid obtained 
by H. v. Pechmann (Ber., 19, 1449) from acetonedicarboxylic acid. 
It was very soluble in water, and solidified to groups of needles 
when evaporated nearly to dryness. It also gave a lead salt which 
crystallised in needles. 

The production of orcinol and dihydroxyphenylacetic acid is easily 
explained as follows :— 


CH-CO-CH,CO-CHyC-CH, 
Hy 01 


gives orcinol, 
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Orcinol. 


and the acid is formed by exactly the same reaction, using dehydr. 
acetic acid instead of diacetylacetone, 
C-CH,,COOH 
LS 
HC CH 
HO-C . C-‘OH 
\Z 


CH 
Dihydroxyphenylacetic acid, 


During the preparation of the diacetylacetone, the barium chlor- 
ide solution which remained after shaking out with chloroform 
yielded, on more than one occasion, a substance which has a 
most magnificent fluorescence. It is soluble in water, and, on eva- 
porating the aqueous solution, dries up toa resin. The fluorescence 
is quite as vivid as that of dichloranthracene, but is more purple in 


colour. It is very stable in acid solution, but is slowly destroyed by 
alkalis. 

Besides the formation of orcinol from diacetylacetone, another con- 
densation product was also obtained. When the barium salt of di- 
methylpyrone is treated with hydrochloric acid, if insufficient is added 
to decompose the whole of the barium salt and the solution is left 
alkaline, lemon-yellow crystals separate from the solution. This 
substance is insoluble in water, but can be crystallised from acetic 
acid. It then forms lemon-yellow crystals melting at 137—138°. 
Boiled with dilute acids, it remains unchanged. Heated, it partially 
sublimes yielding yellow vapours and a pungent smell. It dissolves 
in alkalis, and forms salts which are decomposed by acids, the yellow 
compound being reprecipitated. It does not seem to be reduced 
by boiling with tin and hydrochloric acid. When heated with zinc- 
dust, complete decomposition takes place, but no hydrocarbon seems 
to be formed. The alcoholic solution gives a deep purple coloration 
with ferric chloride. 

A combustion gave the following numbers :— 


0°3182 gram of substance gave 0°7865 gram CO, and 0°1898 gram 
H,0. 

0°2785 gram of substance gave 0°6920 gram CO, and 0°1635 gram 
H,0. 
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Found. 


Calculated for cme a 
I. II. 


67°41 67°76 

6°62 6°52 
A determination of the molecular weight was also made by means 

of Raoult’s method. 
0°703 gram dissolved in 34°72 grams of glacial acetic acid lowered 
the melting point of the acid 0°32°; mol. wt. = 247; calculated 
for CHO, mol. wt. = 248. 

On heating the substance, it easily loses water, or even when boiled 


with glacial acetic acid for a short time, and the melting point rises 
to 180—181° (183—184", corr.), 


C,,H,.O, = CyH,,0O; + H,0, 


and after the change has once taken place it does not seem possible to 


reproduce the compound C,,H.O,. 
A combustion of the substance (m. p. 180—181°) gave the follow- 


ing numbers :— 
0°1035 gram of substance gave 0°2770 gram CO, and 0-0600 gram 


Calculated for 
Found, 


72°99 
6°43 


The explanation we have to offer to account for the formation of 
this remarkable compound is that it is a naphthalene derivative and 
formed by the condensation of 2 mols. of diacetylacetone, 


CHC O° (CH, C/O | CH, CO | CH; 
HCH, ‘CO: CH, ‘CO: CH, ‘CO- CH, 


One of us is still continuing the investigation, and hopes to com- 
municate the results to the Society in a short time. Feist (Ber., 25, 
315) has also noticed the formation of similar yellow compounds by 
the condensation of hydroxydehydracetic acid, 
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An Amidodehydracetic acid. 


When dehydracetic acid is dissolved in ammonia and the solution 
evaporated, all the ammonia is easily driven off, and the acid remains 
unchanged. If, however, solid dehydracetic acid is treated with the 
strongest ammonia combination occurs, and an amido-compound is 
formed, 


C,H,O, + NH; — C,H,NO, + H,0. 


This new substance is a white, crystalline solid, which is not very 
soluble in cold water. It dissolves more readily in hot water, and 
crystallises out again on cooling in long, silky needles. If the hot 
solution is rapidly cooled, it sometimes sets to a jelly which only on 
standing becomes crystalline. 

When it is warmed with soda, all the nitrogen is given off as 
ammonia, and dehydracetic acid can be precipitated from the solution 
by the addition of an acid. Sulphuric acid and hydrochloric acid 
at once change it into dehydracetic acid. 

It melts at 192—196° (196—200°, corr.), and, on further heating, 
decomposes, but does not yield lutidone compounds. 

An analysis was made :— 


0°292 gram of substance gave 0°6108 gram CO, and 01472 gram 
H,0. 
0°404 gram of substance gave 28°3 c.c. N at 748 mm. and 15°. 


Calculated for 


The same substance can also be obtained when solid dehydracetic 
acid is heated with solid ammonium acetate, and it probably has the 
following formula :— 


CH, C(NE,):CH-9:CH:CO-CH:CO 


O 
Amidodehydracetic acid. 
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VIII.— Manganese Burate, its Constitution and Properties. 


By W: N. Hartrey, F.R.S., and Huan Ramace, Assoc. R.C.Sc., 
Dublin. 


MANGANESE borate is an article of commerce used for the preparation 
of drying oils and oil varnishes, but no record exists of its composition 
except that contained in the works of Berzelius quoted in Gmelin and 
in Fremy’s Encyclopédie Chimique, where it is accorded the simple 
formula MnOBO;. Several samples of the material examined by one 
of us were found to contain impurities, such as large quantities of lime 
salts, particularly calcium sulphate. Specimens which we prepared 
with great care from very pure manganese sulphate were of a faint 
greyish or brownish colour, even when dried in a vacuum over sulph- 
uric acid at the normal temperature, but the moist substance was 
white. It need not, therefore, be assumed that the whitest com- 
mercial samples are the purest, but rather the reverse. When moist, 
the purest manganese borate oxidises with great facility, especially if 
warmed. 
Preparation from Borax. 


Pure manganese sulphate was precipitated by borax; the man- 
ganese solution contained 40 per cent. of MnSOQ,, and 200 grams of 
borax were dissolved in about 1200 grams of water. The manganese 
sulphate solution was added to the borax solution until only a very 
small quantity remained undecomposed; the volume required was 
about 180 c.c. As the precipitate was bulky, water was added to the 
mixture to increase its volume about four-fold, and after stirring well 
the precipitate subsided and the clear liquid was siphoned off. The 
temperature of the liquid was noted (22°4°) and the excess of man- 
ganese sulphate and the sodic sulphate formed were determined 
therein. The manganese was precipitated from 100 c.c. of the liquid, 
after acidifying with hydrochloric acid, by adding bromine water and 
excess of ammonia. The sulphuric acid was determined gravi- 
metrically in the usual manner. 


100 c.c. yielded 0°2701 gram Mn,Q,. 
100 ” ” 1974 ” Na,SQ,. 


The precipitated manganese borate dried to a bulky, brownish- 
white powder under the air-pump receiver containing oil of vitriol. 

Analysis—The powder lost weight when heated at 100° until its 
weight was constant, the loss amounting to 11°84 per cent. 

The powder dried at 100°, lost weight at temperatures ranging 
from 100° to 150°, from 150° to 300°, and from 300° to a bright red 


130 HARTLEY AND RAMAGE: MANGANESE BORATE, 


heat obtained by a blow-pipe, the substance undergoing partial fusion. 
The total loss above 100° was 20°15 per cent. 

The salt dried at 100°, when dissolved in hydrochloric acid, was 
precipitated with bromine and ammonia and the manganese determined 
as Mn,O,. The ignited precipitate was proved to be pure Mn,Q,. 

The amount of manganese contained in the substance after being 
dried at 100° was found to be 30°15 per cent. 

- As it was necessary to determine the quantity of water contained 
in the salt after being dried at different temperatures, another 
preparation was dried in a vacuum, when it yielded the following 


numbers :— 
Weight of Water contained 
manganese borate. in the compound. 
26°86 per cent. 
19°65 - 
at 110° rs — 
at 120° . 16°39 
at 170° ‘ 12°48 
at 200° "343% 9°11 
911 
nil 


The Mn;Q, contained in 0°215 gram of substance was 0°0838 gram 
= 31°84 per cent. of Mn, 

It appeared desirable to repeat these observations and a third pre- 
paration was therefore made, This was dried first in a vacuum, and 
then by the uid of heat at gradually increased temperatures above 
100°, when the following numbers were obtained :— 


Weight of Per cent. of water 
manganese borate. in compound. 


Dried ina vacuum .... 0°1537 gram. 29°60 

0°1355 20°01 

at 150—160° .... 0°1254 13°71 

at 160° 0°1236 12°45 

at 170° 0°1222 11°45 

at 195° 0°1214 10°87 

at 195° 0°1208 10°43 

at 220° 0°1208 10°43 

at 255° 0°1188 9°71 
at 295° 0°1166 7-2 
0°1166 72 

0°1123 3°65 

medium redness O'1114 , 2°87 
bright redness. 0°1102 18 
partial fusion.. 0°1082 nil 


” 


” 


” 


ITS CONSTITUTION AND PROPERTIES. 


Constitution of Manganese Borate, 


These analyses indicate that the compound dried at 100° has a com- 
position expressed by the formula MnH,(BO,), and is a manganese 
tetrahydric orthoborate. 

It is, in fact, an acid manganous orthoborate, for the hydrogen and 
oxygen are not present simply as water, and, in all probability, it is 
the first salt of its class prepared directly by precipitation from a 


metaborate. 
The following statement makes its constitution evident :-— 


Found. 
-sJ Calculated 
I. II. per cent. Formula. 


30°15 31°84 31°08 MnG,(BO,)>. 
20°15 19°65 20°33 


Salt dried in a Vacuum. 


Found. 
—-—- Calculated 
I. II. per cent. Formula. 


Water... 26°86 29°60 27°69 MnH,(BO;)., 4,0, 


The molecule is derived from 2 mols. of orthoboric acid, and its 
formula may be expressed :— 


Mn Mn 
BO, BH }B0,H.0. BO;< HH >BO,. 
HH HH 

* Dried in a vacuum, Dried at 100°. 


The equation to the reaction by which it is produced stands 
thus :— 


Na,B,O; + 2MnSO, + 5H,O = 2MnH,(BO,), + Na,SO, + H,SO,. 


Bat it has been shown that manganese borate continues to retain 
water even when the temperature is raised above 100° and carried to 
ared heat and, in fact, the high temperature of a Bunsen blow-pipe 
is alone capable of dehydrating it at or about the temperature at 
which it fuses. In this respect it resembles silicates such as clay. 

In order to study the course of dehydration or dissociation more 
conveniently, a curve was drawn taking the percentage of water con- 
tained in the substance for ordinate numbers and the temperatures at 
which such quantities of water are found for the abscisse. This 
curve disclosed the fact that there are not fewer than five different 
substances from which different quantities of water may be separated 
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at temperatures above 100°. Thus the curve is very regular from 
100° to 170°, at which temperature the substance retains 11°45 per 
cent. of water; the substance changes very slightly from 170° to 195°, 
and from that point to 220° it ceases to lose weight; it decreases ve 
slightly between 220° and 255°, but between 255° and 295° it loses 
weight fairly regularly ; from 295° to 305° it loses nothing. Between 
305° and a medium red heat it again loses weight. 

From the curve, the existence of the following points of stability 
corresponding to definite compounds has been ascertained :— 


H,0 in salt Calculated Corresponding 
per cent. formule. 


11°32 MnH,B,Os. 
195° to 220° .... “4 10°40 Mn,;,B..04,,10H,0. 
BES". cccccccccce ; 9°61 Mn,B,.0.;,5H,0. 
295° to 305° .... ' 7°84 Mn;B,0,,,2H,0. 
Red heat ‘ 3°09 Mn,B,0,¢,H,0. 
Partial fusion... i _ Mn(BO,)s. 


There can be no doubt of the existence of the following perfectly 
definite salts, all being very simply related to each other and easily 
prepared :— 

MnH,(BO;),,H,0, 
MnH,(BO;),, 
MnH,B,0O,, 
Mn(BO,)>. 


There is, in addition, strong evidence of the following complex but 
well-defined compounds being derived from several molecules of one 
or other of the above salts :— 


Mn,,H»B.2O;; or Mn,,B.0,,,10H.0, 
MngH BO. ,, MngB,.04,5H,0, 
Mn;H,B,0, ” Mn;B,0,2,2H,0, 
Mn,H,B,0,;  ,, Mn,B,0,.,H,0. 


The freshly precipitated compound, whether air-dried or dried ina 
vacuum, has been noticed to possess a very slight colour, but when 
dried at 100° the colour becomes darker and increases in darkness 
until the process of drying bas been concluded. 

The precipitate retains sodium sulphate with considerable tenacity, 
and when the quantity of sodium sulphate is decreased by washing, 
it is to be remarked that the compound oxidises much more quickly 
in the greater state of purity. 
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Preparation of Manganese Borate from Sodium Orthoborate. 


It has already been proved that when manganese sulphate was in 
excess the mother liquor contained much more manganese borate in 
solution than when the borax was in excess. The equation previously 
given explains that this may arise from the presence of free sulphuric 
acid liberated in the process of precipitation. 

A series of experiments was then made which proved that when 
sodium hydroxide was added to borax in order to form orthoborate, 
and manganese sulphate added, the resulting precipitate was iden- 
tical with that obtained from an ordinary solution of borax according 
to the equation following :— 


Na,B,O; + 2NaOH + 2MnSO, + 3H,0 = 2MnH,(BO,), 


20 grams of borax and 4°2 grams of caustic soda were dissolved in 
water and the solution was boiled for an hour to effect the combina- 
tion of the base and the salt. The solution was then cooled, diluted 
to about 800 c.c., and manganese sulphate solution added until, on 
testing the mother liquor with borax solution, a slight precipitate 
appeared. 

When 32 c.c. had been added, there was no precipitate, but when 
1 c.c. more had been added, a white precipitate slowly formed. The 
quantity of MnH,(BO;), in the mother liquor was determined. Man- 
ganese sulphate, added to the mother liquor, also caused a precipitate, 
showing that the manganese borate was less soluble in the solution 
thus produced. It was remarked that the precipitate in the man- 
ganese sulphate solution oxidised much more rapidly than in the 
solution containing an excess of borax. Ina previous experiment, 
25 grams of borax required 19°5 c.c. of manganese sulphate solution, 
or 20 grams would require 15°6 c.c.; hence, in the above experiment, 
the quantity of borate of manganese precipitated by the borax and 
sodium hydrate was double that which the borax alone precipitated. 

It was found that when small quantities of the precipitate were 
dried in the water-oven, an almost white residue was the result, but 
in proportion as the quantity was increased, and, consequently, the 
length of time required to dry it, the darker the product became. 
This product when moistened darkened considerably, but recovered 
its light colour when again dried. 

The change which the manganese borate undergoes when ignited, 
so as to form a glass or enamel, is as follows :— 


MnH,(BO;), = Mn(BO,), + 2H,0. 
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Solubility of Manganese Borate in various Saline solutions. 


' It was mentioned that when precipitation was carried out with an 
excess of borax in solution, the manganese in the mother liquor was 
determined ; now this must be present as borate, hence we find the 
solubility of the manganese borate in the mother liquor. 

The manganese in solution was weighed as Mn,Q,; to convert this 
into MnH,(BO;)., we must multiply by 


3MnE,(BO;), seat 531 a * 
Mn,0, a? So 
Hence 1 litre of the mother liquor in question contains 


0'2701 x 2°3188 x 10 = 6°26 grams. 


The mother liquor from which borate had been precipitated by 
sodium orthoborate (made with borax and caustic soda, as already 
described) contained a very slight excess of manganese sulphate; to 
separate this, a slight excess of borax solution was added. At 15° it 
was found that the solution contained 2°09 grams MnH,BOs), per 
litre. When it was desired to determine the solubility of the precipi- 
tated manganese borate, already described as holding sodium sulphate 
in powerful combination, it was found impossible to wash away the 
sulphate of soda without oxidising the manganese compound to a 
serious extent. It was, therefore, washed until nearly free from 
sodium sulphate, then stirred up in water, and allowed to stand all 
night. In the morning the solution was filtered, the temperature 
was 142°, and the manganese in solution was found to yield 0°0806 
gram Mn,Q, in 100 c.c. of the solution = 1°87 grams of MnH,(BO)), 
per litre. A portion of the clear solution was heated, and the rise of 
temperature caused a separation of the manganese borate, which in- 
creased in quantity steadily until 55°, when there appeared to be a 
rather sudden increase ; after this, little change was observed beyond 
a darkening of the precipitate, which rapidly took place. The bulk of 
the liquid was then heated to 52°, and kept for a short time at that 
temperature with frequent stirring, and then quickly filtered through 
a folded filter placed in a warm funnel. The manganese in the filtrate 
was precipitated as manganic hydrate. From 100 c.c. were obtained 
00298 gram of Mn,O, = 0°69 gram of MnH,(BO;), per litre. 

Some of the precipitate which had been washed three times by 
decantation was drained on a filter paper and stirred up with water. 
After subsidence during 45 minutes, it was filtered, and the amount 
of manganese borate in 100 c.c. of the filtrate was determined. 


Filtrate, 100 c.c. Temperature, 15°5° C. Mn,O,, 0°0691 gram = 16 
grams per litre. 
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Sodium sulphate in the filtrate was determined by taking 25 c.c. 
and precipitating as barium sulphate 


BaSO, = 0°0109 gram: 

00109 gram x 0°6094 x 40 = 0°266 gram Na,SQ, per litre. 

The precipitate from the foregoing experiment was stirred up with 
distilled water, and allowed to stand, with occasional stirring, for two 
hours; then filtered, and the manganese and sulphuric acid again 
determined. 

Filtrate, 100 c.c. Temperature, 17°. Mn;0,, 0°076 gram. 

0076 x 23188 x 10 = 1°76 grams of manganese borate per litre. 

00138 gram BaSQ,, in 100 c.c. of filtrate = 0°084 gram Na,SO, 

per litre. 


The manganese borate separated in the foregoing experiment was 
drained on a filter, placed in a flask filled with water, and allowed 
to stand all night. The solution was well mixed with the precipitate 
and filtered. The next day, the quantity of borate in solution was 
estimated. 

Filtrate = 100.c.c. Temperature, 15°2°. Mn,O,, 0°0665 gram = 

1:54 grams of manganese borate per litre. 
The barium sulphate amounted to 0°0076 gram = 0:046 gram 
Na,SO, per litre. 


The drained manganese borate from the foregoing was again treated 
as previously described. 

Filtrate,.100 c.c. Temperature, 13°3°. Mn,0O, = 0°0404 gram = 

0°94 gram of MnH,(BO;), per litre. 

The filtrate was heated to 44°, and about 120 c.c. were filtered hot 
through a hot funnel. 100 c.c. of the cooled filtrate were taken for 
the estimation ‘of the manganese borate contaived therein. 

Filtrate, 100 c.c. Mn,0,, 0°0216 = 0°5 gram per litre. 

Remainder of filtrate heated to 80°; the cooled filtrate from this 
contained borate as follows :— 

Filtrate, 100 c.c. Temperature, 80°. Mn,0,, 0°0035 gram = 0°08 

gram per litre. 


The precipitate became very dark in colour at ‘80° in pure water. 
The pure manganese borate has a distinctly alkaline reaction. 


Solubility of Manganese Borate in Sodium Sulphate solution con- 
taining 20 grams Na,SO, per litre——Some of the washed precipitate 
was put into a solution containing 23 grams of sodium sulphate 
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crystals (Na,SO,,10H,0O), and the whole was diluted to 500 c.c, 
After standing all night, the solution was filtered. 

The temperature of the solution was 18'5°. 100 c.c. were removed 
at this temperature, 100 c.c. at 40°, 100 c.c. at 60°, and 100 c.c. at 80°, 
The matter in solution was determined in each case. 


Vol. of filtrate, - 4 Mn;0,. Mn,(BO;)>. 
185° C. 0033 gram 0°77 gram per litre. 
40 ,, 00281 ,, 065 ,, - 
60 ,, 00149 ,; 036 ,, " 
80, 0005 si, CI » 


Solubility of Manganese Borate in Sodium Chloride solution con- 
taining 20 grams of NaCl per litre.—The sodium chloride was prepared 
by dissolving pure sodium carbonate in pure hydrochloric acid, eva- 
porating to dryness, and heating till all excess of acid was expelled. 

The temperatures were 18°2°, 59°, and 80°. 

The experiments were made in precisely the same way as the 
foregoing. 

Vol. of filtrate. T. Mn,0,. MnH,(BOs3).. 

100 c.c. 18°2° C. 0°0563 gram 1°31 gram per litre. 
100 ,, 59 ,, 0:0259 ., oe 6s ai 
100 ,, 80 ,, 00125 _,, 029 ,, ” 


Solubility of Manganese Borate in Calcium Chloride solution con- 
taining 20 grams CaCl, per litre-—The experiments were made as 
before. The temperatures were 17°6°, 43°, 61°, and 80°. 


Vol. of filtrate. —T. Mn,0,. MnH,(BO,):. 
17°6° 0°1257 gram 2°91 grams per litre. 
43°0 01053 _s,, 244 =, 

61:0 00971 _,, 225 =, 
80°0 0°0292 ,, 135, 


Summary of Results ——The solubility of the different preparations 
of manganese borate may be summarised thus :— 


Ist. Manganese borate prepared by precipitating borax only with 
manganese sulphate. 

Solubility of the precipitate in the mother liquor at 22°4° = 6:26 
grams per litre, the solution containing 19°74 grams Na,SQ, per 
litre. 

2nd. Manganese borate prepared by precipitating sodium ortho- 
borate (or borax heated with an equivalent quantity of sodium 
hydroxide to form orthoborate) with manganese sulphate. 

Solubility of the precipitate in the mother liquor at 15° = 2-09 
grams per litre. 
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Solubility of Pure Manganese Borate in Water containing small 
quantities of Sodium Sulphate. 


MnH,(BOs)2, Na,SO,, 
grams per litre. grams per litre. 


1°87 small quantity. 
0°69 99 » 
1°60 0266 gram. 
1:76 0-084 ,, 

1°54 0046 _—s,, 

0°94 mere trace. 
0°50 “ 

0-08 % 


Solubility of Pure Manganese Borate in a Solution containing 20 grams 
Na,SOQ, per litre, 
T= 165° 40° 60° 80° 
MnH,(BO;), 0°77 gram 0°65 gram 0°36 gram 0°12 gram per litre. 


Solubility of Pure Borate of Manganese in a Solution containing 20 
grams of NaCl per litre. 
T= 182° 59° 80° 
MnH,(BO;),.. 131 gram‘ 0°60 gram 0°29 per litre 


Solubility of Pure Manganese Borate in a Solution containing 20 grams 
of CaCl, per litre. 


T = 176° 43° 61° 80° 
MnH,(BO,;), 2°91 grams 2°44 grams 2°25 grams 1°35 grams per litre. 


It will be observed that the hydrated manganese borate, 
MnH,(BO;)2,H,0, 
is less soluble at 80° than at any lower temperature, and if a solution 
containing the salt be heated to 80° the manganese borate will be 
deposited. We believe this to be caused by the dehydration of the salt 
in solution, and its separation on account of its less solubility, thus :— 


MnH,(BO;).,H,0, in solution, becomes MnH,(BO;), at 80°, and is 
deposited, 


We know that such a change is complete at 100°, when the salt is 
heated in air. 


VOL, LXIII. 


IX.—Method of observing the Spectra of easily Volatile Metals and 
their Salts, and of separating their Spectra from those of the 
Alkaline Earths. 


By W. N. Harrtey, F.R.S., Royal College of Science, Dublin. 


Methods of obtaining Persistent Spectra of the Alkali Metals. 


Ir is a well-known difficulty that in the measurement of the posi- 
tions of lines in the spectra of lithium, potassium, rubidium, cesium, 
and thallium, the great volatility of the salts used to colour the 
flame necessitates a very frequent renewal of the substance on the 
platinum wire, and that even fused beads of the alkaline chlorides 
and carbonates do not give a sufficiently prolonged coloration of the 
flame to enable measurements to be made. To obviate this, Mit- 
scherlich used solutions in tubes fitted with wires acting as metallic 
wicks which projected into the flame. Gouy and others have used 
@ spray projected into a glass globe, through which the gas from 
the supply pipe passes to the burner. These methods are not simple 
enough to be satisfactory, and I propose, therefore, to make known 
the method of working I have used occasionally for the last 10 years. 

If the cause of the transient effect produced by the usual alkaline 
salts be carefully considered, it will appear evident that it is due to 
their easy decomposition in the flame of a Bunsen burner. Obviously 
then, those salts which are the least liable to decomposition are 
also the least volatile, and will distribute their colouring power over 
the longest periods. 

The order of volatility of salts of the alkali metals commencing 
with the most volatile is as follows:—Chlorides, sulphates, phos- 
phates, fluosilicates, borates, and silicates. 

The metals, however, vary, first as to volatility, and, secondly, as 
to emissive power or intensity of colour which they communicate to 
a flame. Those which, from one cause or another, are difficult to 
observe are thallium, cesium, and rubidium. ‘Thallium has great 
volatility, but, on the other hand, it possesses great emissive power, 
and the flame is therefore strongly coloured. 

Cesium has great volatility, but its emissive power is very much 
less than that of thallium. Rubidium has very little emissive power, 
but is less volatile than cesium and thallium; nevertheless its 
volatility is high. The red ray, \ 7800, has so feeble a red light that 
it appears more of a reddish-brown. The same may be said of the 
neighbouring potassium ray, \ 7700. To observe these lines, the slit 
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of the spectroscope must be opened somewhat widely. The emissive 
power of the lithium line, \ 6705, is so great that, whether the slit 
be wide or narrow, the light overpowers the rays of potassium and 
rubidium. 

When possible, the lithium line should be obscured in order that 
those of potassium and rubidium may be measured with facility. 
The same may be said of the sodium lines and of lithium together with 
sodium, as, when bright, they practically suppress the rubidium line. 

Supposing it be desirable to measure a number of reference lines 
in the red for the purpose of drawing an interpolation curve, I make 
use of a little powdered lepidolite which is fused on to a platinum 
wire. It yields the rubidium ray, \ 7800, the potassium, ray \ 7700, 
and that of lithium, \ 6705. The sodium lines, of course, are present, 
and also there are occasionally visible the two blue lines of cesium, 
\ 4590 and \ 4555 (Living and Dewar) ; the less refrangible (\ 4590) 
of which is the most persistent. 

The order of permanence is such that generally 4555 is the first 
line to disappear, then 4590, after that 7800, 7700, and, lastly, 
6705. The foregoing remarks and others contained in this paper 
apply to observations made with the eye only; different results are 
obtained when photography is employed. 

Let us consider a case where the alkalis from a mineral or the 
residue from a mineral water is to be examined. If the alkali salt 
is soluble in water, it may be mixed with hydrofluosilicic acid and 
evaporated to dryness. A small quantity of the fluosilicate is then 
placed on the platinum wire and fused. It is best to let it enter the 
flame at first near the base, and not to insert it beyond that point 
where it will communicate a distinct colour to the mantle. It is 
quite easy in this way to continue to observe the lines of rubidium, 
potassium, cesium, and thallinm continuously for an hour, the height 
of the flame being 4 inches, and its diameter at the base 0°4 inch. 

Should the lines become dimmed, they may be made brighter by 
raising the platinum wire, little by little, until it is situated at the 
apex of the flame. 

If the substance be a solid it may be fused with boric acid on 
platinum foil or in a little platinum spoon. A convenient substitute 
for platinum is clay tobacco-pipe, the bowls of which may be used. 
The quantity of mixed salt and boric acid need not be more than 
sufficient for two or three beads on platinum wire. When the wire 
holding a bead is placed in a flame, the bands of boric acid are feebly 
visible, but they are easily recognised, and create no confusion. 

Thalliwm.—As one example of the use of this method, the examin- 
ation of thallium salts may be mentioned. These substances are too 


volatile, as a rule, to admit of the flame being coloured for long 
L 2 
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periods—even the fluosilicate volatilises too rapidly ; but the borate 
when properly used answers perfectly. Thallous carbonate, thallous 
nitrate, and thallic oxide were each melted with boric acid, and then 
carefully fused on a platinum loop. When a bead was brought into 
the base of the flame of a Bunsen burner, the green coloration was 
rather too strong; but if brought so close that it seemed not to 
touch the mantle of the flame, but rather to repel it, and cause, so to 
speak, a slight dimple in the mantle, the colour was strong and the 
line of thallium visible in the spectroscope, so as to be very easily 
measured. Even without taking such care as this, the thallium bead 
coloured the flame a fine green, and exhibited the line of thallium for 
an hour and a quarter without removal of the bead from the flame. 
Ten minutes subsequently the green line had disappeared. 

Another example may be cited. 

Cesium.—The only salt of this metal at my disposal was a minute 
quantity of the chloride. When fused with boric acid into a bead, it 
exhibits the two blue lines \ 4590 and \ 4555 for about 10 minutes. 
But if a less volatile material than boric acid is used containing a 
base to decompose the cesium chloride, the spectrum is visible for a 
much longer period. Lead glass in fine powder isa suitable material ; 
a little boric acid or powdered boric oxide glass may be added to it 
to increase its fusibility ; this, however, is not necessary. A bead of 
lead glass fused with cesium chloride exhibited the two blue lines for 
15 minutes, and one line was visible for 25 minutes. It is advisable 
when examining this spectrum to shade off the sodium line with a 
small piece of card in front of, and at one side of, the eye-piece. 

Coloured glasses are of no use. 


On a means of separating the Spectra of the Alkalis from those of the 
Alkaline Earths. 


It often happens that the spectra of the alkalis are obscured by 
the presence of lines and bands due to the alkaline earths, such as 
calcium, strontium, and barium, but it is possible to suppress these 
spectra while observing the spectra of the alkalis. Thus, supposing 
an earth is to be examined for alkalis, it is fused with boric acid, and 
the bead obtained is examined in the flame in the manner already 
described. The lines due to the alkalis are then sought for in the 
order of their volatility, and they appear along with the feeble green 
bands of boric oxide. 

Or we may convert the earth into a fluosilicate and examine a 
fused bead of the same on a wire; the spectra of the alkali metals 
will alone appear, those of calcium, strontium, and barium being 
either entirely suppressed or very feebly represented by a series of 
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bands in the green—characteristic of the fluorides. If, however, the 
experiment is properly made, these bands are invisible, for they 
require a high temperature, and for the alkali metals this is not only 
unnecessary but undesirable. The spectra of calcium, strontium, 
and barium, or their oxides, are quite suppressed if the borates are 


used. 
Having, however, ascertained the presence of the alkali metals, 


and expelled them from the bead by heating to a high temperature 
in the apex of the flame, we may examine the same bead for the 
alkaline earth metals simply by heating the bead in a flame fed with 
hydrogen chloride ; the spectra then appear most brilliantly, and are, 
of course, free from the comparatively slightly luminous bands due to 
oxides of these metals. Should, however, manganese be present, it is 
likely to give some of those bands which characterise the flame spec- 
trum of its chloride. In order to feed the gas flame with hydrogen 
chloride, a device described by Gooch has been found very convenient, 
more so than one somewhat similar which I have sometimes used. 
As it is troublesome to pass coal gas through a flask containing strong 
hydrochloric acid, and burn it from a glass Bunsen burner, I endea- 
voured to substitute a spirit lamp fed with a solution of ethyl chloride 
in alcohol, or of chloroform in alcohol; but, unfortunately, these sub- 
stances yield more or less of a continuous spectrum when the yield of 
hydrogen chloride in the flame is sufficient. If, however, the spirit 
lamp is fed with a mixture of chloroform and alcohol, and burnt below 
a funnel, the apex of which is fitted into the central aperture below a 
bunsen argand, the gas flame is very conveniently supplied with 
hydrogen chloride in a manner which does not cause any serious cor- 
rosion of the burner. The supply of hydrogen chloride may be cut 
off when not required by extinguishing the lamp, or renewed by 
re-lighting it. 


X.—The Hydrate Theory of Solutions. Some Compounds of the Alkyl- 
amines and Ammonia with Water. 


By Srencer Umrrevitte Pickering, F.R.S. 


In making a series of determinations of the freezing points of aqueous 
solutions of diethylamine, I ascertained that this compound formed 
two definite crystalline hydrates, and I was led, in consequence, to 
examine the other available monamines of the paraffin series, with 
the result that as many as 24 crystalline hydrates have been isolated. 
Guthrie (Phil. Mag., 18, 25) made a partial examination of the 
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three etbylamines, and in the case of the mono- and di-derivatives he 

obtained one of the hydrates described below. It is, perhaps, not 
superfluous to mention, that the hydrates now under discussion are 
similar in every respect to any ordinary hydrates of a salt, d&c., 
and have nothing in common with Guthrie’s so-called cryohydrates, 
The latter are substances which crystallise at points where the crys- 
tallisation of one substance gives place to that of another substance ; 
for instance, at the points P in Fig. 2, CD (p. 157), and they neces- 
sarily consist, in my opinion, of a mixture of both substances; they 
are the very reverse of definite hydrates both in appearance and 
also as regards the effect of excess of dissolved substance on their 
freezing points, for these are raised, instead of lowered, by any such 
excess. Guthrie fully recognised the difference between hydrates, 
such as those of the amines, and the cryohydrates, calling the former 
suberyohydrates for distinction; indeed, in the paper above men- 
tioned, he seems to recognise that the cryohydrates are really not 
definite compounds: he says, “There is an important and essential 
difference between the genesis of a cryohydrate and that of a sub- 
cryohydrate . . . . the cryohydrate being an eutectic alloy, 
the subcryohydrate is a definite chemical combination.” 

These hydrates are generally very different from water, both 
in appearance and in crystalline form; those containing a small 
amount of water crystallising in opaque needles, those containing 
much water being generally very transparent and often invisible in 
the liquid, whilst water itself crystallises from any but very weak 
solutions in moderately opaque flocks. One or two cases in which it 
appeared doubtful whether the crystalline substance was water or a 
hydrate were examined by seeing whether the supercooled solu- 
tions could be-made to crystallise by touching them off with hoar- 
frost, or whether, when crystallised, they could be used to touch off 
supercooled aqueous solutions from which water was known to crys- 
tallise ; the results obtained generally left no doubt as to the nature 
of the crystallising substance. 

In most cases, however, the forms of the figure obtained on plotting 
out a series of results is the surest guarantee that the substance 
crystallising is a définite hydrate. The freezing point of every sub- 
stance is lowered by the addition of foreign matter, and if the 
crystallising substance is a hydrate, its freezing point will be lowered 
by excess either of the solvent or of water, so that, when a series of 
freezing points are plotted out against the composition of the solution, 

a curve with two branches.will be obtained, these branches rising up 
and meeting at the exact composition of the hydrate which crystallises 
from the liquid.* If several hydrates crystallise in different regions, 
* For. instance, suppose that the crystals contain 50 per cent, of the amine, and 
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there will be as many of the rising and falling curves, the end curves 
only having one ‘branch each, this branch representing, in one case, 
the temperature of the crystallisation of water as lowered by the 
solvent, in the other, that of the crystallisation of the substance as 
lowered by the presence of water. The case of sulphuric acid sola- 
tions, already published (Trans., 1890, 5'7, 338), is a very typical 
one: that of diethylamine (CD, Fig. 2, p. 157) may also be taken 
as a good example. For determining the existence and composition 
of the body which crystallises from the liquid, the method depending 
on a determination of the point at which the temperature of crystal- 
lisation attains a maximum is not only the most certain, but is 
generally the only one available, for analyses of crystals which can 
exist only at low temperatures, which contain a volatile amine, and 
which can be conveniently obtained only in small quantities, would 
be very difficult and unsatisfactory. 

In a solution at one of these maximum points, we must conclude 
that there is present a larger amount of the crystallising hydrate 
than in the solution of any other composition, but the ease with 
which a substance crystallises does not depend solely on the amount 
of this substance present, but also on the comparative facility with 
which it and the other substances present assume the crystalline 
form: even in the case when the liquid crystallises as a whole and at 
a constant temperature, as it does at one of these maxima, I do not 
suppose that it consists of nothing else than the crystallising hydrate, 
but that, owing to dissociation, a certain amount of other hydrates, 
and even of water and of the free dissolved substance, are present (see 
Trans., 1890, 57, 341, 350), and these may assume the crystalline 
form so much more readily than the main hydrate that, in spite of 
the smaller proportions in which they are present, they may crystal- 
lise out in preference to it. This not infrequently happens; the 
crystallisation of water, or of a new hydrate, begins before that of 
the main hydrate has attained its maximum. Roozeboom’s results 
with calcium chloride solutions (Rec. Trav. Chim., 8, No. 1) afford 
some instances in point, and the cases of triethylamine (EF, Fig. 2, 
p. 157), of amylamine (Fig. 4, p. 173), and others, may be referred to 
as further illustrations. In such cases, it is only by prolonging the 
curves with the help of a bent lath that we can get any idea of where 
the maximum would be situated, and in some cases the results are 
too uncertain to permit of any conclusion being drawn: indeed, it is 
sometimes difficult to determine whether the new crystallisation is such 


that: we take a 60 per cent. solution from which to obtain them; then, since this 60 
per cent. solution contains 10 per cent. of amine in addition to the crystallising 
substance, it is evident that its freezing point must be lower than that of a 50 per 
cent. solution. Similarly, with any solution of a strength other than 50 per cent. 


— 
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in reality, or whether the irregularity in the figure is merely a change 
of curvature, or break, due to a change in the conditions of the solu. 
tion, for the difference in the appearance of the crystals is not always 
very marked, and the “touching off” test is unsatisfactory at low 
temperatures and with pasty solutions. In some cases, a satisfactory 
proof of a change of crystallisation is afforded by obtaining two 
crystallising points for the same solution, one that of the old crystal- 
lisation, the other that of the new one. 

Obtaining a crystalline hydrate from a solution must be regarded 
as strong evidence that molecules of this hydrate exist in the liquid. 
I have already stated at length my reasons for holding this opinion 
(Trans., 1890, 5'7, 340), and as they have, so far, not been contro- 
verted, I need not discuss the matter further; but it is well to point 
out that the crystallisation of a hydrate is evidence of a totally 
different nature from that of the existence of changes of curvature at 
certain points; these are changes in the rate at which the same 
phenomenon is affected by change of composition—thus the tempera- 
ture of the crystallisation of water, &c., proceeds at a certain rate up 
to a certain point, and at a different rate after passing that point— 
and are indicative of some change in the nature of the liquid, whereas 
a fresh crystallisation is a change in the phenomenon itself. 

The point at which the crystallisation of one substance ceases and 
another begins—the so-called cryohydric point—is necessarily a point 
where there is a change of curvature, but there is no reason to sup- 
pose that it coincides with a point where the nature of the solution 
experiences any marked change, and it cannot, therefore, be taken as 
indicating the existence of any definite hydrate of that composition ; 
indeed, it appears that these changes of phenomena do not occar at 
points where the solvent and dissolved substance are present in 
simple molecular proportions, though it has been noticed that in 
many cases it occurs very near to such points. Many instances will 
be found, both in the present work and elsewhere, in which the new 
crystallisation begins very near the point at which the former crystal- 
lisation attains its maximum temperature. 

In the present work, several changes of curvature have been ob- 
served, indicative of the existence of hydrates in solution which have 
not yet been isolated, and fresh and important evidence in favour of 
the reality of these changes will be deduced from the results. 


Methods and Substances employed. 


In the case of the first two series with diethylamine, the determina- 
tions were made in the manner described in the Berichte, 24, 3331, a 
mercurial thermometer being used wherever practicable, and each 
solution being made up separately by weighing. The method of 


PICKERING : THE HYDRATE THEORY OF SOLUTIONS. 145 


observation consists of partially crystallising the solution and observ- 
ing the temperature at which the crystals have nearly all melted as 
the temperature slowly rises. Data for comparing the relative 
accuracy of this method with other methods will be found in the 
paper already mentioned. 

When making numerous series of experiments, however, this 
method of procedure requires a considerable amount of substance, 
and the cost of the amines forced me to adopt the following modifi- 
cation :— 

About 3 c.c. of the amine were weighed into a long test-tube and 
diluted with successive proportions of water, the freezing point being 
ascertained after each dilution. The amount of water added was 
determined by its being run in from a pipette, while the gradual loss 
of amine occurring—a very considerable loss in the case of the more 
volatile methylamines and ethylamines—was determined by weighing 
the tube and its contents at intervals. The thermometer, which, 
owing to the low temperatures, was necessarily an alcohol one, was 
not withdrawn from the tube throughout the series. The sources of 
error inherent in such a method are numerous and obvious, but the 
general results obtained are far more satisfactory than might have 
been expected, and lead me to conclude that they are almost as 
accurate as those obtained when each solution is made up separately, 
especially when allowance is made for the fact that an alcohol, 
instead of a mercury, thermometer was used. The agreement of 
the results obtained in separate series, where a particular strength 
of solution was reached after very different numbers of portions 
of water had been added in the different series; the accuracy with 
which the freezing points attain a maximum at definite molecular 
compositions, and the concordance of the results obtained in the 
ease of diethylamine and triethylamine, where, for some of the 
series, separately made solutions and also mercurial thermometers 
were used, may all be cited in proof of the general accuracy of the 
method ; in addition to which, the strength of some of the solutions, 
in the case of the most volatile substance used—ammonia—was 
determined by titration, and was found to agree very well with the 
strength calculated from the measured amount of water added and 
the loss of the ammonia determined by the weighings. Thus, starting 
with 47°5 per cent. solution, the composition which should have been 
veached after the ninth addition of water (in quantities of 0°1 to 0°3 c.c. 
each) should have been 28°30 per cent., and by direct titration it 
was found to be 28°32 per cent.; after the 21st addition it should 
have been 8:15 per cent.: found, 8°68 per cent.; in another series, 
after the 19th and 28th additions, 12°25 and 2°08 were found, 
as against 12°53 and 1:93 calculated, respectively; in a third 
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series, after the 18th addition, 8°40 was found, as against 8:32 
calculated. 

The amines used were procured from Kahlbaum, and, in cases 
where a sufficient quantity was obtained, they were dried by potash 
and fractionated. The boiling points are mentioned at the heads of 
the various tables. 

The difficulty in observing the freezing points, or rather the melt- 
ing or dissolving points, is, in many cases, very considerable. With 
the lowest hydrates—those with }H,O—the liquids generally remain 
quite mobile, and can be stirred easily, and the crystals also are 
clearly visible, but their latent heat of fusion appears to be very 
small, so that they crystallise easily against the cold sides of the tube, 
while the temperature of the liquid in the interior is still several 
degrees above the freezing point, and, as soon as the crystals become 
detached, they immediately melt in the liquid. In the case of many 
of the higher hydrates, the extreme viscosity of the liquid renders 
the observations very difficult, and, in addition to this, we often find 
that the hydrates themselves possess nearly the same refractive index 
as the liquid, so that they are nearly invisible, sometimes quite in- 
visible, while in it. In such cases, the thermometer can be drawn a 
short way up the tube, when the crystals may be seen falling back 
down the sides of it, and sometimes the grittiness of the crystals may 
be used as an indication of their presence. In every case, the ob- 
servations are far more difficult than where water is the crystallising 
substance. . 

It is important that the zero point of an alcohol thermometer should 
be determined at least once a day, on account of the tendency of the 
alcohol to distil into the upper chamber. In determinations such as 
the present, the correction for the exposed portion of the stem is, 
necessarily, large and uncertain, and this accounts for the differences 
in the actual temperatures sometimes observed in different series, 
though the individual determinations of the same series, being per- 
formed consecutively, will hardly be affected by this source of error. 


Details of the Results. 


The various results are given in Tables, and the figures which 
they form are illustrated by wood-cuts. Where the substances crys- 
tallising in contiguous sections of the same figure are different, 
different kinds of lines, continuous or dotted, have been used to 
represent the results. 

For diagrammatic purposes, plotting against percentage composi- 
tion is far preferable to that against molecular composition, and has 
always been adopted; indeed, the latter is generally auite useless 
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when there is a considerable range of strength, for the figures become 
more or less hyperbolic in their character, and impracticable for ex- 
amination with a bent lath (Trans., 1890, 57, 97), while the results 
with the weaker solutions are crowded together at one end, and those 
for stronger solutions are stretched out to infinity, and vice versd. As, 
however, the plotting against percentage composition does not show 
the analogies, or otherwise, between the results with different sub- 


Fig. 1.—Freezing Points of Aqueous Solutions of the Methylamines. 


Percentage Molecules of Amine. 
20 40 60 
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stances, I have adopted for the wood-cuts a form of plotting which 
combines the advantages of the two forms, and which I may term the 
“ percentage molecular”’ plotting, the numbers used representing the 
percentage of the molecules of the substance (amine) present out of 
the total number of molecules present (water and amine). These 
values have been calculated for one only of the duplicate series with 
each substance, and are given in the tables. 


Methylamine. (Table I, Fig. 1, AB, p. 147.) 


The first freezing point obtained, starting from the pure amine, 
was that of a 50 per cent. (37) solution.* The freezing points first 
rise and then fall, as dilution increases; then they rise again, water 
being the crystallising substance during the second rise. The First 
Series of experiments consist, for the most part, of two nearly inde- 
pendent series, and are, therefore, not so uniform as the Second Series; 
an accident brought the Third Series to an untimely end, and it is, 
consequently, too short for any service beyond that of general con- 
firmation. 

The hydrate which crystallises from 50 to 28 (18°5) per cent. 
solutions is quite different in appearance from ice; the maximum of 
the curve which it forms (as determined, in this and every case, by 
drawing a smoothed curve through the points with the help of a 
flexible lath) is situated at 


lst Series, id, , * 
Ond ,, 363 36°4 per cent., representing CH,'NH, + 3°01H,0. 


36°47 os represents CH,-NH, + 3H,0. 


There can, therefore, be no doubt but that it is a trihydrate. 
Its freezing point is 


Ist Series (— 36°4°)t } aie 
am» Ss. 
2nd ,, — 35°45° i - 


The whole of the curve relating to this hydrate cannot well be 
drawn in one section with a flexible lath, but the experimental points 
are not sufficiently numerous to permit of any analysis of the 
figure. 


* All the percentages here mentioned are by weight, not the percentage of 
molecules used in the woodcuts; the values for the latter are given roughly in 
brackets. 

+ When any value is put in brackets in the present communication, this means 
that half weight only has been allowed to it in taking the mean, owing to some 
inferiority of it in comparison with the other values, as in the present case. 
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TabLe I.—Freezing Points of Aqueous Solutions of Methylamine. 
CH;'NH, = 31. 


Percentage 
molecular 
composition. 
t 


Freezing Percent. | Freezing 


Per cent. 
point. CH;-NH;. point. 


CH,-NH». 


First Series. Second Series. 
CH;-NH,,3H,0 crystallises. CH,-NH;,3H,0 crystallises. 


100 None at —70° 49 -08 
82°68 —75 45 90 
77°24 43-09 
68 *31 ; 41°19 
63°70 38 *83 
58 °44 e 36°09 
50°28 ‘ . 33°49 
47°07 . , 31°45 
43 -96 ‘ . 28°83 
40°75 
36 *76 
32 ‘76 ‘ . Water crystallises. 


29°55 

27°08 
25°45 
23 *96 
22°69 
21°49 
20°14 


Third Series. 
CH;-NH;2,3H,0 crystallises. 
49°18 —47°5 


47°37 —43°6 
45 *69 —41°9 


Both series show a probable but uncertain break in the “ water” 
curve, and somewhere in the neighbourhood of 15 per cent., corre- 
sponding to CH,-NH; + 9°8H,0. 
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Dimethylamine. (Table II, Fig. 1, CD, p. 147.) 


A 71°26 per cent. solution gave a distinct crystallisation, and as 
no crystallisation could be obtained from any stronger solutions, or 
from any weaker solutions down to 59 per cent., it is probable that 
this solution was at the apex of some figure representing the crystal- 
lisation of a hydrate, and as 71:26 per cent. corresponds almost 
exactly to the monohydrate (which contains 71°43 per cent.), it may 
safely be inferred that the hydrate in question is the monohydrate ; 
freezing point about —68°. 

In the First Series there is an anomalous freezing point at 59 per 
cent. (50) which does not appear to fall on the figure formed by 
those between 49 and 39 per cent. (no freezing points were obtained 
between 59 and 49 per cent.), and in the Third Series, there is a simi- 
larly anomalous freezing point at 49 per cent. (28) and the form of 
crystallisation was noticed as being different from that of the 
succeeding solutions, so that there is probably a second hydrate 
crystallised here. In the succeeding solutions, the form of crystallis- 
ation was different from that obtained in solutions of 35 per cent. (18) 
strength and under, and the freezing points evidently belong to some 
different figure from those obtained from 35 to 20 per cent. solutions 
(the Third Series is the most complete in this region), so that in all 
probability they represent the crystallisation of a third hydrate, 
though the forms of the figure can jastify no conclusions as to what 
its composition is. All the observations in this region, it may be re- 
marked, are extremely difficult owing to the viscidity of the solutions, 
the crystallisation being described in my note book as resembling the 
formation of a transparent jelly. 

From 35 to 20 per cent. a rather “ gritty ” and transparent crystal- 
lisation occurs, and a maximum is attained, this being probably the 
fourth different hydrate formed by this amine. From solutions of 
20 per cent. (9) and under, water crystallises. 

The position of the maximum is as follows, half weight only being 
allowed to the Second Series, since, owing to an accident, a very in- 
sufficient amount of substance was taken for it :— 


lst Series, 26°5 
2nd ,, (282) hone p- ¢., corresponding to (CH;),NH + 6°9H,0. 
3rd, = 250 
26°32 per cent. represents (CH;),NH + 7H,0. 

The freezing point of this hydrate is 

Ist Series —16°93° 

2nd 4, (—1650) 168 

3rd, «=— — 16°95 
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TabLe I1.—Freezing Points of Aqueous Solutions of Dimethylamine. 
(CH;),.NH = 45. 


Per cent. Percentage Freezing Per cent. Freezing 


lecular | 
(CH;).NH. | Pe = ol | (CH;).NH. point. 


First Series. Second Series. 
100 | A hydrate crystallises. 
oar 42°08 | —86'2° 
. | = . 
77-82 38°55 32 °0 
74°40 
(CH3).NH,7H,0 crystallises. 


(CH;)2NH,H,0 crystallises. 35°64 —23°9 

f “a0 32°37 —18°2 

en 27°05 —16°6 

fm | 24°35 17°5 
62°36 


| 
68°23 | 
| ” 22°16 -17°1 


A hydrate crystallises. Water cxyetaliions. 
59°33 49°79 —45° 

56 *54 — None at —70 
53 *06 _ 
49°59 28 *24 
46 °47 25°78 
43°15 23 +29 ;° Third Series. 
39-26 _ 20°54 


A hydrate crystallises. 


. 49°0 —45°1 
(CH;)2.NH,7H.0 crystallises. 47°36 a6 
35 68 ‘ . 45 *22 —46°6 
32-85 ° ‘ 43 °00 —44°6 
29-39 i ‘ 40°79 —42°1 
25 °65 . ' 38°74 —37°15 
22°69 ; , 36°57 —31°4 
19°75 | ; “L: 34°58 —25°0 (?) 


(CH;)2NH,7H,0 crystallises. 


19°75 | 34°58 —20°5 
16°75 . . 32 60 —19°05 

13-09 : 30°80 —18°3 

9°74 28°55 —17°2 
6°23 26°00 —16°95 

3°69 23-32 -—17°0 
20°59 -17°42 


Water crystallises. 


18°01 {| —13°25 
15°74 — 10°85 
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The sample of amine used in the Third Series was different from 
that used in the others. 


Trimethylamine. (Table III, Fig. 1, EF, p. 147.) 


In the First Series, which was also the first done by the method used 
in this work, the means adopted of estimating the loss of amine were 
imperfect, and the number of points in the Third Series, except for 
strong solutions, is comparatively small, so a double weight has been 
allowed to the Second Series in taking the means. 


Taste ITI.—Freezing Points of Aqueous Solutions of Trimethylamine. 


(CH;),N — 59. 


Percentage 
molecular 
composition. 


Freezing Percent. | Freezing 
point, (CHs3)3N. point. 


First Series. Second Series. 


100 None at —84° (CH;)3N,11H,0 crystallises, 
96°21 oe —84 
92°30 - —83 77°95 
87°12 ’ —82 72°44 
81°13 . — 82 67 °04 

62°36 

59 *56 

56 °66 

75°23 | | 59:35 = 
*Q+ ‘ 48°88 

69°79 ‘ 
° ° aQ- 44°51 

64°22 
. 2@ - 40 ‘92 

59 04 ; 

BAS d i 36°86 
54°01 , 

° ° ; 32-58 
50°02 ‘ 

° ° ‘ 28 *65 
46°13 ‘ 

, 25 °03 
42°47 ‘ 

+95 21°83 

38 *82 “ 

. 19°29 
35°69 : 
i 16°94 
33°30 
‘ 15 °02 
30°77 ‘ 
° 13 *52 
28°37 P 
‘ 11°29 

26 °40 9-36 

24°70 

22°79 
20°42 

18 44 

16 *82 
15 °45 

11°81 
9°08 


SE SOoMaaA 
Segoe 


L++tee¢¢44+4+4+1 1 
— 09 CO bo 
Or or ore 


NONWERAMRNO 


Third Series. 


75°94 None at —78° 
71°96 | —52° 


L+t+teteeeeeteil If 
KOOP CLOLOIR ROOF On Or 
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Taste [1I—continued. 


Per xy pans woe a Freezing an cent. Freezing 
(CHs)3N. composition. point. (CHs)3N. point. 


First Series—continued. ; Third Series—continued, 
Water crystallises. (CH;)3N,11H,0 crystallises, 
2°19 


1°53 
1°03 


] 
| 
| 
| 


Ltteeeteetey | 
Do Bh OR ON OS OD 


BERSAQt av sv gg 


| 


Crysiallisation begins at about 78 per cent. (49), and the freezing 
point rises till it reaches a higher temperature than 0°; it then falls 
to —2°5°, when water crystallises throughout the small remaining 
range of 8 per cent. The hydrate forms small, shining, and very 
gritty crystals, which in solutions of a considerable range of strength 
are quite invisible. The maximum point is 


lst Series (22°5) 
2nd , 22°5 boo p. c., corresponding to(CH,).N + 11°1H,0. 


3rd g,_~=— (240) 
° 22°96 p.c. represents (CH;),;N + 11H,0. 


The freezing point of this hydrate is 


Ist Series +5°27 
2nd _,, +55 besaa. 


8rd 4, «= + 5°77 


In the Third Series, a crystallisation was obtained at first from a 
72 per cent. solution, which was evidently quite different from that 
subsequently obtained from the same solution, so that the existence 
of some other and rather low hydrate seems fairly certain. 
The figure of the freezing points of the hendecahydrate shows 
The first is an excessively well marked one ; so much 
M 


several breaks. 
VOL. LXIII. 


154 PICKERING: THE HYDRATE THEORY OF SOLUTIONS, 


so that it is possible that the figure below the point at which it occurs 
may represent the crystallisation of some other hydrate, but there 
was nothing in the appearance of the crystals to justify this view ; the 
position of the break is— 


lst Series, 64°0 
2nd _s,, 02 hoy p. ¢., corresponding to (CH;);N + 1°9H,0. 


3rd, 645 
62°1 p.c. represents (CH;);N + 2H,0. 


In the First Series, there is apparently a break at 50 per cent., but the 
other series do not show it, and as the form of the figure given by the 
First Series in this region does not coincide with that given by the 
other two, and as the First Series was known to be of doubtful 
accuracy, this break cannot be accepted. 

There is another fairly good break at— 


Ist Series (32-0) 
2nd _ , 30°0 bona p- ¢., corresponding to (CH;),;N + 7°3H,0. 
3rd, (32°5) 


31:96 p. c. represents (CH;);N + 7H,0. 


TaBLe IV.—Freezing Points of Aqueous Solutions of Ethylamine. 
C,HyNH, = 45. B. p. 17°26—17°76° at 756 mm. 


Per cent. Percentage Freezing Per cent. Freezing 


lecul 
C,H;*N Hp. cunpediien. point. C,H,:NH. point. 


First Series. Second Series. 
C.H;-NH, crystallises. 2C,H;-NH,,H,0 crystallises. 


100 100 —79°0° 92 *56 -8s1° 
96°55 91 ‘81 —82°9 89°18 —75 
83 ‘99 —71 
77°48 —76 
20,H,-NH,,H,0 crystallises. 62°78 —75? 
59°45 —59? 
92°51 83°16 —82°0 56°39 —59? 
88°21 74°95 —74°8 54°33 —59 
83 °47 66°88 —70°5 52°05 —47 
78°70 59°64 —70°5 
73 60 52°73 —78°0 2C,H,:NH,,11H;0 erystallises. 
69°58 47°77 —83°0 42-63 
64°14 40 °76 —80°0 39 ‘90 
3512 
hydrate crystallises. 30°78 
36 °06 . 27°15 
32°11 24°35 
30°01 54° 22°09 
27°52 , 20°05 
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Taste [V—continued. 


a Freezing Per cent. Freezing 
composition. point. C,H;-NH3. point. 


Per cent. 
C2H;: NH. 


First Series—continued. Second Series—continued. 


2C,H,;-NH,,11H,0 crystallises. Water crystallises. 

46 *22 25 58 , 17°46 —10°75° 
43 °67 23 -67 . 13°96 -— 87 

40 °64 21°50 
36°98 
33 *92 
31°22 
28 *33 
25 *89 
23°38 
21°03 
19°01 


Third Series. 
2C,H;:N H,,H,0 crystallises. 


92 *96 —82°8 
89 -39 —75°6 
85 ‘80 —73°3 
81°08 —73°3 
Water crystallises. 76°50 —74°9 
7 78 72 “87 - 84 ‘0 


re 7 A hydrate crystallises. 
3°03 “ 59°69 — 56°85 
1°50 ' 56°32 —55 °35 
53°21 —47°0 


WODDWIBO 
td TATE 
AAD” nr 


— 


2C,H,:NH,,11H,0 erystallises. 


53°21 — 24 35 
49 84 —18 0 

47 *34 —15°75 
44°55 —13°35 
41°49 —10°78 
38°10 — 9°33 
34°19 — 7°98 
30°17 — 77 

26 °33 — 8°38 
21°90 —10°9 


Water crystallises. 
17°51 
13°94 

7°12 


| 


And another, though uncertain break—necessarily so owing to the 
small range of points beyond it—at 
(15) 
13 ft 1425 per cent., corresponding to (CH;);N + 20H,0. 
(16) 


um 2 
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Ethylamine. (Table IV, p. 154, Fig. 2, AB.) 


In this case, the amine itself was found to crystallise at —79°; the 
addition cf water lowered its freezing point for a short distance, when 
a hydrate, which was proved to be the hemihydrate, crystallised. 
In appearance, it resembled the pure amine. Its freezing points 
formed a curve with two branches, the maximum being at— 
aad Darten, 52°) 25-05 nse cont, cervespending to G.H,- ME, + 

1:036H,0. 


83°33 per cent. represents 2C,H;NH, + H,0O. 


2nd ,, 835 
3rd, «= 835 


Temperature— 


2nd ,, —70°95° 
3rd 5, —72°9° 


The whole figure formed by this hydrate cannot well be drawn in 
one section with a bent lath, but, as in the case of methylamine and 
all other similar cases, where the figure extends over but a limited 
range, it is impossible to determine the position of any breaks in it. 

After the crystallisation of the hemihydrate, no freezing points were 
obtained from 74 to 65 (40) per cent.: then up to 43 per cent. (23) 
a new hydrate crystallises as an almost transparent jelly, the liquid 
being very viscous and the freezing point very difficult to observe. 
The composition of this hydrate is unknown, since before a maximum 
temperature is reached another crystallisation begins. In the Third 
Series the crystallisation of both hydrates was observed in the 53 per 
cent. solution. The last hydrate crystallises from this point down 
to a 20 per cent. (9) solution, after which water separates out. The 
maximum temperature is attained at— 


lst Series —69°75° 
\ mae 


lst Series, 30°5 
2nd , 32°5 \ 31°43 p. c., corresponding to C,H, NH, + 5°45H,0. 


3rd, «= 318 


31°25 p. c. represents C,H,-N H, + 5°5H,0. 


Temperature — 


3rd gg 7°65 
Guthrie’s determinations (loc. cit.), which consisted of a single 
series of 12 experiments, gave 32°4 per cent., or 5°22H,0 as the com- 


position of this hydrate. 
No indications of breaks were observed in this case. 


lst Series —7°55° 
2nd —7°25 \ —7°48°. 
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Fie. 2.—Freezing Points of Ethylamines, 


Of Amine. 
20 40 60 
| 


| 
pn 


¥ 


.» 


NE 
‘ 
‘ 


‘ 
‘ 


Diethylamine. (Table V, Fig. 2, C, D.) 


In Series 1 and 2, each solution was prepared separately, and a mer- 
curial thermometer was used for the weaker solutions; Series3, 4, and 
5 were made in the same way as in the previously described cases, a 
different sample of the amine being used in Series 1 from that used 
in the other series. The observations of the freezing points of the 
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Taste V.—Freezing Points of Aqueous Solutions of Diethylamine, 
(C,H;),.NH = 73. B. p. 55°2—55°7° at 750 mm. 


Per cent. Mols. Freezing 
(C,H,;),NH. to 100H,0. point. 


Per cent. Freezing 
(C,H;).NH. point. 


First Series. 


oe | —49°3° 


2 (C,H;) 2NH,H,O crystallises. 


98°61 1749 °3 —34°0 
— 28 °2 
— 24 °25° 
— 22 65 
— 20°35 
— 20°25 
—18°9 
—19°7 
—21°3 
—23°0 
—24°0 
— 25°25 
— 25 “75 


(C,H;).NH,8H,0 crystallises. 


—29 °25 
—26°5 
—25°5 
—23°0 

— 21°85 
—17°5 
—15°4 
—13°5 
—14°22* 
—12°47* 
— 9°89* 
— 9°35* 


sESESRSEE 
SSERERE 


SSEESSSESE 
Seasge 


Third Series. 
(C.H;).NH,8H,0 crystallises. 


65°00 
62°03 
58°16 
54°32 
50°06 
45°21 
89°28 
33°83 
28 °39 
21°84 


Water crystallises. 
16°83 | — 6°4 


Fourth Series. 
(C,H;),.NH,8H,O crystallises. 


67 °46 
65°15 
62°82 
60°51 
57°53 
54°64 
51°67 
48°70 
45°00 
42°74 
40°57 
37 64 
33°37 
28 *84 
24°36 


FABASSS EW a1 od 


bhi barry 


DAAAA TAHA I10 


* Observed with a mercurial thermometer. 
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TaBLE V.—continued. 


Per cent. Mols. Freezing 
(C,H;)2NH. to 100H;,0. | point. 


Per cent. Freezing 
(C.H;)2NH. point. 


First Series—continued. 
Water crystallises. 


19 36 5°91 
16°63 
13°77 
13°77 
10°77 
7°85 
5°69 
4°41 
3°36 
2°15 
1°12 


» 
© © 
i 


SSESELE 


POOR rNWwWwWW& 


o 
bo 
@ 


Pa SG Ohh FFs. o9 


Second Series. 
2(C,H,),NH,H,O crystallises. 


Percentage 
molecular 
composition. 


92°97 76°53 — 20°15 
90°64 70 °47 —19°18 
86°89 62-08 —19°35 
85°44 59°12 —20°0 
85°21 58 ‘69 —19°7 
80°29 50 94 —23°6 
74°91 * 42°41 — 27°35 


(C,H;)2NH,8H,0 crystallises. 
25°99 
21°44 
18°33 
16°64 
15°42 
15°39 
13°19 
12°16 
10°92 
9°89 
9°35 
8°68 
7°84 
7-02 
6 64 


Water crystallises. 


5°43 
1°95 


Fifth Series. 
(C,H;)2NH,8H,O crystallises. 


| 


| 


Zeepeeeaeekeae Fe se 
Prtreert irri ste Tire 
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Do 
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* Observed with a mercurial thermometer. 
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hydrates in Series I are not very concordant, a fact explained by 
the difficulties of the observations, and that sufficient practice in 
making them had not been acquired when this series was executed. It 
is observable also that actual temperatures of the freezing points 
between 65 and 45 per cent. differ materially in Series 1 and 3 from 
those in Series 2, 4, and 5, but what the reason of this difference is 
T cannot tell. 

The amine itself crystallises at —49°3°, and its freezing point 
seemed to be raised by the addition of water ; but on further examin- 
ation it appeared that the substance crystallising was a hydrate 
and not the amine, for the freezing points rise to a maximum and 
then fall. In the case of ethylamine, the crystallisation of the amine 
extended through a range of only 5 per cent., and, doubtless, the 
crystallisation of diethylamine extends throughout a certain range 
also, its freezing point being lowered by the first additions of water, 
but the range throughout which it crystallises is so short—certainly 
less than 1°5 per cent.—that it has not been practicable to follow it, 
and owing to the crystallisation of a hydrate which resembles the 
amine itself in its appearance we get results which look as if it 
was the amine which was crystallising, and which was having its 
freezing point raised instead of lowered by the addition of foreign 
matter. Probably a similar explanation may hold good in some if 
not all the few anomalous cases in which freezing points appear to 
be raised by dissolved substances (see Neville and Heycock, Trans., 
1890, 387, Proc., 1891, No. 88*); such an explanation is far more 
intelligible than the conception of negative osmotic pressure. 

The maximum attained by the hydrate is— 


1st Series, 89°8 \ 89°4 per cent., corresponding to 2(C,H;),NH + 
2nd , 890J 0°962H,0. — 
89°02 per cent. represents 2(C,H;).NH + H,0. 


The freezing point of this hydrate is— 


lst Series —18-85° 
2nd =, —19°0° 


The figure formed by its freezing points is certainly not a simple 
curve, and there would seem to be a very well marked break in it 
occurring at the maximum itself. The first series, being the fuller 
one, shows this break best. 

From 73 (67) to about 20 (6) per cent., another hydrate crystal- 
lises in transparent gelatinous masses, the liquid being very viscid. 
The maximum attained by it is— 


} —18-93°. 


* And, since the above was written, has been offered by these writers (loc. cit., 
1892, 890). 
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lst Series, 31° 
2Qnd , 33°0 33°44 per cent., corresponding to (C,H;),.NH + 


Sd, S15 > gore 
an” a50{ S070. 


sth =, 36-7J : 
33°64 per cent. represents (C,H;),.NH + 8H,0. 


The temperature at the maximum is— 


lst Series —7°3 ) 

Qnd , —7°25 

3rd 4, =—7°35 +090" 
4th ,, —635 

bth ,, —655 


The maximum is attained in a very gradual manner, and it is 
quite impossible to make sure of its position within 1 or 2 per cent.,” 
but both the mean and also the most accurate series made with a 
mercurial thermometer give its position as coinciding very closely 
with that of an octohydrate. 

The maximum given by Guthrie’s determinations is 35 per cent., 
or 7°55H,0, but as only one series was examined, and as the strength 
of consecutive solutions differed by 5 per cent., the position of the 
maximum given by his results cannot be determined very exactly. 

There appeared to be a break shown by the first four series at 40 
to 50 per cent., but all these series were, for various reasons, ill-cal- 
culated to determine its position accurately ; to do so, Series 5 was 
made, and this gave its position as— 


43 per cent., corresponding to (C,Hs),NH + 5°38H,0, 
while 42°44 per cent. corresponds to (C,H;),.NH + 5°5H,0. 


This series, also, shows clearly a break at 25°9 per cent., correspond- 
ing to (C,H,).NH + 11:02H,0, the existence of a break in this 
region being also indicated by all the other series, although none of 
them were sufficiently full to allow of any conclusions being drawn as 
to its exact position. 

The “ water” curve shows a well-marked break at about 10 per 
cent. (3), the freezing points from 0 to 10 per cent. being repre- 
sented by a nearly straight line, and beyond 10 per cent. by a line of 
considerable curvature. The first series is the only one in which 


* In the woodcuts, the small scale used renders the gradual manner in which 
the maximum is attained less evident, especially as the maxima reached by the 
lower hydrates (less water) appear to be equally uncertain : the latter is the effect 
of the percentage molecular plotting. On ordinary percentage plotting, the maxima 
for the lower hydrates are generally much more clearly defined than those for the 
higher hydrates. 
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this portion of the figure was fully investigated. 10 per cent. corre. 
sponds to (C,H;).NH, + 36H,0. 


Triethylamine. (Table VI, Fig. 2, EF, p. 157.) 


The results in this case are very different from those in the case of 
either of the other ethylamines. The amine itself does not crystallise 
at —82°; a hydrate crystallises out when the amine is slightly 
diluted, and just as a maximum is attained the crystallisation of this 


Taste VI.—Freezing Points of Aqueous Solutions of Triethylamine. 
(C,H,);N = 101. B. p. 88°5—89°5° at 752 mm. 


(CyH,)3N. (C,H,)3N. point. 


Per cent. | i Per cent. Freezing 
| composition. 


First Series. Second Series. 
| 100 | None at 82°. (C.H;)3N,2H,0 crystallises. 


(C,H;),N,2H,O crystallises. 96 °21 
91°85 
79°65 —46°1° 87°20 
66°11 —29°9 83 -62 
57°17 — 25°35 79 99 
50°75 —22°3 76°77 © 
43°14 — 20°75 74 01 
36°59 —19°45 71°16 
31-02 — 18°35 67-89 


Water crystallises. Water crystallises. 


25 °87 63°73 | 
58 -89 
53°41 
48°15 
43 *54 
39-19 
34°98 
30 -89 | 
27-18 
22°16 | 
16°67 
12-80 
871 | 
5°44 | 


He OO RR RADIO 
Kane dwwo-rS ek een Soe 
KRonsanwe Sag” 
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TasBLE VI—continued. 


Per cent. Freezing Per cent. Freezing 
(C,H;)3N. point. (C.H;)3N. point. 


Third Series. Fourth Series. 


(C.H;)3N,2H,O crystallises. Water crystallises. 


95 *02 —39-3° 39 -480 5 493° 
91°79 —29°5 36 -809f 5 *119* 
88 °53 — 24°45 34 ‘349 4,°993* 
85 *29 — 22°25 31 “899+ 4°730* 
82°01 —20°15 28 *482 4°515* 
79°11 —19°35 24 842+ 4. °266* 
76°21 —19°15 21-691 4°017* 
73°58 —18°74 20°193f 3 °944* 
17 ‘382 3 °632* 
16 °641f 3 -592* 
Water crystallises. 14 °824 3 °243* 
13 *133¢ 3 -065* 
70°56 | —16°0 11°129 2 -458* 


67°20 — 12°95 9 *225¢ 2 -022* 
63°58 —10°3 6°854 1°437* 
59°70 — 8°75 5 072+ 1 -032* 

i — 7 2°909 0°575* 


ost 


COrFFNOWE REO 
skdbbodcddctddad 
RRROOWAKKSS 


| 
| | 


gives place to that of water, the latter beginning with solutions as 
strong as 73 per cent. (34). The water curve shows several remark- 
able changes, and appears to be so nearly flat at one part that the 
solutions were tested specially by touching off to make sure that it 
was not a hydrate which was crystallising ; the results, however, left 
no doubt but that it was merely water. 

The maximum of the hydrate curve cannot be determined very 
exactly, as there is but one branch of the figure available for the pur- 
pose. The values obtained were— 


* Observed with a mercurial thermometer. 
+ These were performed at a different time from the others. 


‘ 
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lst Series, 71°5 
2nd _,, m0 boar, corresponding to (C,H;);N + 2°06 H,0. 
3rd_s,, §= 750 
73°72 represents (C,H;);N + 2H,0. 
There can, therefore, be little doubt but that it-is the dihydrate. 
Its freezing point is— 


lst Series —19°0° 
2nd , —196 } oe. 
3rd _ ,, —189 

The two breaks shown by the water curve are both well marked, 
the reach from 0 to 18 (4) per cent., and again, that from 
18 to 40 (11) per cent., being, according to all series made 
with an alcohol thermometer, represented by straight lines 
within the limits of experimental error, though the more accurate 
series made with a mercurial thermometer indicates a slight curvature 
in the first of the two portions, but so slight that it could not have 
been recognised in the series with the alcohol thermometer. The 
positions of the breaks are :— 


Ist Series, 39°5° 
2nd 4, 41°0 Vo p. c., representing (C,H;);N + 8°42H,0. 
8rd__,,:)=—39°5 

41'2 ,, represents (C,H;);N + 8H,0. 


The experimental error in the case of even a well-marked break at 
these comparatively high molecular proportions is, of course, too great 
to settle the exact composition indicated, 

The other break is at— 


lst Series, 17°1° 

Qnd ,, 203 [40 

Srd 17-4 PLd'56 P. Cn» representing (C,H;),N + 26H,0. 
4th ,, 15°43 


The 15°43 per cent. indicated by the Fourth, and, no doubt, most 
accurate, series, corresponds to (C,H;);N + 31H,0, and the dis- 
crepancy between it and the other series is due to a certain peculiarity 
in the figure which could have been revealed by the Fourth Series only, 
and which it is not necessary to discuss at present. 

This break was mistaken by Guthrie for a cryohydric point, 
that is, a point at which the temperatures are lower than those 
on either side of it, and at which another crystallisation begins. 
I have no doubt, however, but that it is water which crystallises 
from all solutions up to 73 percent. The lowness of the freezing 
point at 18 per cent. in Guthrie’s series depends on a difference 
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Taste VII.—Freezing Points of Aqueous Solutions of Propylamine. 
C;HyNH, = 59. B. p. 48°2—48°5° at 752 mm. 


Percentage 
molecular 
composition. 


Freezing 
point. 


Per cent. 
C;H;-N. H,. 


Freezing 


point. 


First Series. 


| 100 


| None at —82° 


2C;H,-NH,,H,0 crystallises. 


93°62 
88 *59 
83 -69 
79°42 
74°67 


81°74 
70°31 
61°01 
54°08 
47 24 


—65°4° 
—61°4 
—61°1 
—64°1 
—71°0 


C,;H,-NH,,8H,0 crystallises. 


69 *67 
64°94 
59 *83 
57°06 
53°42 
49°05 
44°79 
40°43 
36°95 
33°18 
29°13 
25°51 


41°21 
36°10 
31°24 
28 *85 
25 92 


—70 -0(?) 
—70°0 
—31°1 
—26°0 
—22°6 
—20°1 
-17°6 
—15°65 
—14°'3 
—13°65 
—13 *64 
-13°4 


Water crystallises. 


8°12 


Second Series. 


CH;,-NH;,8H;0 crystallises. 


66 -89 
64 °88 
63 °09 
61°36 
53 *83 
47 *52 
41°64 
38 °02 
34°83 
31°71 
28°54 
25°72 
22 -96 


— 660° (?) 
—66°0 
—37°1 
-31°9 
21°75 
— 18°95 
— 15°62 
—14°30 
—13°85 
13°45 
—13°55 
—13°55 
13°63 


Water crystallises. 


21:10 | 


—10°9 


Third Series. 


2C;H;-NH;,H,0 crystallises. 


94°44 
90°25 
86°37 
82°41 
78 68 
74°99 


—67°0 
—62°5 
—60°7 
—63°7 
—67°8 
—71°5 


C;H;-NH,,8H,0 crystallises. 


64 02 
60-71 
57 *52 


— 35°25 
— 30°25 
—25°2 
—22°0 
—19°5 
—16°8 
—15°43 
—14°0 
—13°93 
—13 °45 
—13°4 
—13°2 
—13°5 
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of 0°3° only in one determination, and on plotting out his results this 
determination appears to be evidently anomalous. 

Triethylamine is only partially soluble in water at temperatures 
above 18°, but infinitely soluble at all lower temperatures. It is 
noticeable that in the case of nearly all the amines here investigated, 


their solubility in water and the solubility of water in them decrease 
with rise of temperature. 


Fie. 3.—Freezing Points of Aqueous Solutions of the Propylamines. 


Percentage Molecules of Amine. 
F. p. 0 20 40 60 80 


100 
O° A 


=- 
_ a ee ee -* 
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Propylamine. (Table VII, p. 165, Fig. 3, AB.) 


The amine itself did not crystallise at —82°, but a hemihydrate 
was obiained from 94 (82) to 75 (47) per cent. solutions. A gap of 
10 per cent. in the freezing points then occurred, filled only by one 
doubtful crystallisation in the case of the First and the Third Series, 
pointing to the possible existence of some hydrate of unknown 
composition in this region. Another hydrate then crystallised, and 
just as a maximum was obtained at 30 percent., water began to sepa- 
rate. 

The first maximum is reached by the hemihydrate at— 

1st Series, 86°2 ) 86°5 p. c., corresponding to 2C;H;NH, + 

3rd 86-8} 1-022H,0. 

86°76 p. c. represents 2C,;H;NH, + H,0. 


The freezing point of this hydrate is— 
lst Series, —60°9° 20 
8rd, —61°2 } ain 


The second hydrate attains a maximum at— 
1 ies, 28°5 
enn, ar p. ¢., corresponding to C;H;-NH, + 


0 
“=. & 7-96H,0. 


3rd. ,, 285 


29°06 p. c. represents C;H;,NH, + 8H,0. 


And this, no doubt, is the composition of this hydrate. 
Its freezing point is— 
lst Series, —13°7° 
Qnd 4, —135 p—13°5°. 
3rd, «= 133 
Taste VIII.—Freezing Points of Aqueous Solutions of Isopropylamine. 
C,;H,;,NH, = 59. 


: Percentage , 
Per cent. Freezing Per cent. aufecsen Freezing 


C;H,NH,. point. C;H,;-N He. composition point. 


First Series. Third Series. 


None at —77°. A hydrate crystallises. 


—80 39-22 — 66 °5° (?) 
—78 . 36°68 —59°5 

—83 34°33 | —59°5 (?) 
—78 
—78 
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Tasie VI I1—continued. 


Per cent. | Freezing 
C,H, N Hi: point. 


Percentage 
On cn molecular | 
he composition. 


First Series —-continued. 
A hydrate crystallises. 


68-76 —75(?) 
63°37 —62°5 


C;H; P NH,,8H,O crystallises. 


Second Series. 


C;H,;- NH,,8H,0 crystallises. 


48 °*74 — 9°15 
45°55 — 7°55 
41°98 — 6% 
38 °40 — 5°4 
34°81 — 4°82 
30°91 — 4°55 
27 -24 — 4°6 
23 °87 — 53 
20°88 — 6°22 
18 *24 — 8°0 


Water crystallises. 


13°93 } -59 
961 |  —3°7 


63°15 
59°24 
55°63 
52°18 
49°10 
45 86 
41°89 
38°16 
34°58 
31°14 
28 *56 
26°14 
23 “66 
20-97 
17°49 


14°05 
10°11 
6°70 
4°38 


64°72 
62°00 
60°17 


Third Series—continued. 
C;H;-NH,,8H,O crystallises, 


| 84°38 
| 80°72 
| 27°67 
| 24°98 
| 22-74 


_ 
o 
@ 
NI 


$ 


6-07 


Water crystallises. 
4°75 
3°32 
2°14 
1°38 
Fourth Series. 
A hydrate crystallises. 


11 | 
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C;H,-NH,,8H,0 crystallises. 
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It freezes in transparent, gelatinous masses which render the ob- 
servations extremely difficult. There seetiis to be a break at or near 
the maximum itself, and also another well-defined break at— 
ist Keries, 80 | 40-2 p. 0, ecsneapending 00 CAL/ Ely + 
3°52H,0. 


48°36 p. c. represents C,H,,-NH, + 3°5H,0. 


Ynd ,, 45 
8rd gg, 2S 495 


Isopropylamine. (Table VIII, Fig. 3, CD, p. 166.) 


The results with isopropylamine differ in many respects from those 
with propylamine ; no hemihydrate was obtained, the strongest solu- 
tion in which crystallisation occurred being 68 per cent. (39), but 
what the composition of the hydrate here is cannot be ascertained, 
since at about 63 per cent. (34) it gives place to another crystallisa- 
tion at a temperature some 40° higher. This second crystallisation 
attains a maximum at— 


Ist Series, 30°5 


2nd ,, 30°3 | 30°33 pc., corresponding to C;H,NH, + 
3rd, | 315 7°53H,0. 
4th ,, 290 


31°89 p c. represents C;H,,NH, + 7H,0, and 
29°06 9 ” C;H,NH, + 8H,0. 


From the gradual manner in which this maximum is attained it is 
impossible to say to which of these two hydrates the isolated body 
corresponds, but, as the sample used in the Fourth Series had been 
specially dried, whereas that used in the others had not, and as in 
this series the maximum coincides very nearly with the octohydrate, 
the probability is in favour of this being really its composition. 

The hydrate is very transparent in the stronger solutions. Its 
freezing point is— 


lst Series, —4°35° 


Gnd, =436 | sop 
Srd  ,, 45 oot. 
4th ,, —4°05 


From 18 per cent. (6) to the end, water crystallises, and the figure 
in this part seems to exhibit some irregularity, but it was not suffi- 
ciently investigated to determine its nature. 

The hydrate curve shows some break at the weaker solutions, 
probably at the maximum itself; in addition to this there is a very 
well-marked break at about 49 per cent. (23), the portion from 18 to 
VOL. LXIIL. N 
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49 per cent. being strongly curved in one direction, and that from 49 
to 63 per cent. slightly carved in the opposite direction. The exact 
position of this break is— 


Ist Series, 49°7 
3rd _sé,, 100 bao p. c., corresponding to C;H,,NH, + 3°34H,0. 
4th , 499 


This probably agrees within experimental error with C,HyNH, 
+ 3°5H,0, which requires 41°36 per cent. 


Dipropylamine. (Table IX, Fig. 3, EF, p. 166.) 


The hemihydrate crystallises from solution, of 97 (87) to 79 (40) 
per cent. strength. The maximum shown by this hydrate cannot be 
very accurately determined owing to the very steep nature of the 
branch of the figure towards the strong solutions. The values ob- 
tained were— 


Ist Series, 93-0 ; 93°25 p. c., corresponding to 2(C;H;),.NH + 
2nd, «(935 0°812H,0. 
91°82 p. c. represents 2(C;H;),.NH + H,0. 


The freezing point of the hydrate is— 


lst Series, —17°25° 
2nd 4, —17'15 


After about 79 per cent., water crystallises, but the amine and 
water are not soluble in eaeh other in all proportions at the tempera- 
ture of the freezing points, from 43 (12) to 14 (3) per cent. the 
solubility is limited, two liquids separate, and the freezing point 
remains stationary (at about —2°2°) owing to the liquid from which 
the water separates having a constant composition, being, in fact, a 
saturated solution of the amine. From 14 per cent. onwards, the 
solution is not saturated, and the freezing points gradually rise to 0°. 

Between the horizontal line representing the stationary freezing 
points and the other parts of the figure there must necessarily be 
breaks, and it is well to note that an examination of the figure with 
a bent lath undoubtedly leads to the conclusion that breaks do exist 
here, though, of course, they are not indicative of the existence of 
hydrates in solution. The only break indicative of the existence of a 
hydrate was at— 


lst Series, 50 
2nd se hao p. ¢., corresponding to (C;H;),NH + 5°61H,0, 
3rd, «= 48 


—17:20°. 


50°50 p. c. represents (C;H;),NH + 5°5H,0, 
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TasLE [X.—Freezing Points of Aqueous Solutions of Dipropylamine. 
(C;H,),NH = 101. B. p. 108°5—109°2° at 752 mm. 


, Percentage : 
Per cent. Freezing Per cent. ensliecien Freezing 


(C;H;).N H. point. (C3H;),NH. | composition. ao 


First Series. Third Series. 
(C,;H;),NH crystallises. 2(C;H,;),.NH,H,0O crystallises. 


100 | About —60° 97-37 86°83 | —21°25 
93 -46 m:30 3#| -17'1 
89°85 61°21 —17°35 
2[(C;H;)2NH],H,O crystallises. 86°37 53 -05 —17°7 
82°36 45 *42 } —18°9 
97 +25 —21°1 79°18 40 °39 i —19°7 
95 °61 —18°4 
92 92 —17°25 
89°04 | 17°63 Water crystallises. 
84°78 | 18°48 
80-03 | —20°10 q 34°80 
30°09 
25 ‘60 
Water crystallises. . 22°33 
19°82 
| 13°82 
10°80 
5°25 
| ‘ 3°48 
| Qe ° 2-37 
| a . 1 35 
| 0-72 
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Second Series. 


Water crystallises. 
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74°91 | 

71°87 

69 °50 

65 -92 

62 *86 

58°88 

53°36 

47 “70 

40°81* 

$2°81* | 

21°97* 

14°29* 
4°51 
6°47 
3°76 
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* Not a homogeneous liquid. 
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but. the exact position of it is not very certain, for of the two curves 
between which it occurs, that from 80 to 50 per cent. can alone be 
drawn, that between 50 per cent. and tlie point where saturation 
begins being too short to admit of proper representation. 


Tripropylamine. B. p. 155°4—156°2° at 753 mm. 


The solubility of water in this amine and of the amine in water was 
found to be too small to permit of any freezing point determinations 
being made; the smallest amount possible of water added to it crys- 
tallised out unchanged at 0°. The solubility of either liquid in the 
other increased with a diminution of temperature. The pure amine 
became rather viscid but did not freeze at —75°. 


Isobutylamine. (Table X, p. 174, Fig. 4, AB.) 


Those determinations in the Third Series which are marked by an 
asterisk really belong to an independent series, but they may con- 
veniently be plotted with the others, with which they agree very 
closely. 

On plotting out the First Series, the results were found to form a 
figure with two excessively well-marked breaks at about 71 (38) and 
17 (5) per cent. respectively. On closer examination, it was found 
that the first of these was, in all probability, due to the crystallisation 
of a hydrate between 82 (52) and 72 per cent.; after the latter point 
the crystallising substance. is undoubtedly water. In the correspond- 
ing case of secondary butylamine, where the figure obtained very 
closely resembles the present one, there can be no doubt but that a 
hydrate does crystallise from the stronger solutions. There are cer- 
tainly not enough points on this hydrate curve to allow of it being 
safely extended to find its maximum point, but it may be mentioned 
that when extended in this way both series indicate a maximum at 
36 to 45 per cent., representing, probably, about C,H,-NH, + 7H,0. 

The break at 17 per cent., shown by the First Series, appeared to be 
so unnaturally well marked for an ordinary break that it was thought 
probable that a fuller investigation would show the figure here to be 
a more complex character, especially as in the First Series there were 
only two experimental points on one side of the break. The Second 
and Third Series proved this conjecture to be true. The freezing 
points from 0 to 23 per cent. (6°5) were found to form a figure in 
which the direction of the curvature changed, and which could be 
represented by a single curve, only by making that curve a wavy one. 
As I have mentioned elsewhere (Ber., 25, 1317), I think that wavy 
curves give improbable representations of the results in cases such as 
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the present, and I, therefore, believe it more probable that this 
portion of the figure consists of two non-wavy curves, which would 
give a break somewhere about 10 per cent., or C,H» NH, + 36H,0. 


Fig. 4.—Freezing Points of Aqueous Solutions of the Butylamines and 
Amylamines. 


Percentage Molecules of Amine. 
F. p. 0 20 40 60 
oA 


For 
AB 


— 20° C 
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Whether a wavy, or two non-wavy, curves are used-to represent 
this portion, we get a well-marked break between it and the portion 
for stronger solutions at— 

2nd Series,23 | 22°25 per cent., corresponding to C,H,-NH, + 

3rd, 215 142H,0. 


Table X.—Freezing Points of Aqueous Solutions of Isobutylamine. 


C,H,NH, = 73. B. p. 66°7—67'9° at 753 mm. In Third Series b. p. 
= 67:9—69-2° at 753 mm. 


ae | Freezing Per cent. Freezing 
composition. | pornt. O,Hy NH. | point. 
{ 


Third Series. 


None at —77° Water crystallises. 
—78 
*” —78 ; 38 *5° 
” —_— 75 


First Series. 


A hydrate crystallises. 
_- —76 0° (?) 
— —68°0 
— —62°5 


Water crystallises. 
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Second Series. 


A hydrate crystallises. 


46°98 
42 °96 
| 39°48 


| 51°72 | 
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TasBLe X—continued. 


stiiieten: f 
Per cent. Pe " val » | Freezing 
> ES Point. 
| composition. | 


Second Series —continued. 


Water crystallises. 


“96 36° | 
66°73 33-09 —33 °2 
63 *24 29°79 —25°8 


26° 


. . . . . . . bed . 
DOMADTWSO Ae 
“Io cr 
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The first portion of the figure given by this amine, it may be men- 
tioned, bears a strong resemblance to that representing the freezing 
points of aqueous solutions of propyl alcohol, the breaks in which 
have been investigated very fully, both by the graphic and mathe- 
matical methods, and the results given in the Phil. Mag., 33, 436. 


Secondary Butylamine. (Table XI, Fig. 4, CD, p. 173.) 


The results with this substance, as has been already remarked, 
very closely resembled those with isobutylamine. There can be no 
doubt but that the substance crystallising from strong solutions (68 to 
62 per cent. (34 to 30)) is a hydrate, since in both series the curve 
formed by it and by the crystallisation of water overlapped a little, 
and the two crystallisations were obtained from the same solution at 
64°48 per cent. There is a long and very curved section in the water 
curve from 62 to 27 (8) per cent., the points in which lie well on a 
bent lath curve ; the extreme points, however, in both series, at 645 and 
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66°6 per cent. respectively, lie off this curve to a considerable extent, 
suggesting the possibility of a marked break at about 63 per cent., 
which would represent C,H,-NH, + 2°38H,0, but of course this 
cannot be proved merely on the strength of single points. 

The curve from 62 to 27 per cent. cannot possibly be extended so 
as to include the points beyond 27 per cent., and the First and less 
complete Series showed a very marked break at about 21 per cent., 
which, as in the case of isobutylamine, was found by the Second and 
Third more complete Series to be the result of insufficient points, 
there being really two breaks, one on each side of 21 per cent.; the 
first portion, from 0 downwards, consists either of a wavy curve or 


TaBLe XI.—Freezing Points of Aqueous Solutions of Secondary 
Butylamine. 


C,H, NH, = 73. 


Pepasntage | Freezing Per cent. Freezing 


molecular p 
composition. point. C,H, NH. point. 


Per cent. 
C,Hy:' NH. 


First Series. Third Series. 


| None at —72° Water crystallises. 
— 80 
-78 60°38 


—79 60°13 
-73 
| 77 


Phladddd 


A hydrate crystallises. 
| 


Water crystallises. 
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Taste XI.—continued. 


Percentage 
molecular 
composition. 


Per cent. 
C, Hy:N Hg. 


Second Series. 
A hydrate crystallises. 
33 -00 
28 -99 
Water crystallises. 


33-00 —39°3 (?) 
25 *82 


— 9°4 
— 8°4 
-— 7°6 
- 7°0 
- 5°9 
— 4°15 
— 2°35 
— 1°25 
— 0°65 


of two non-wavy curves the nature of which the present determina- 
tions are insufficient to elucidate satisfactorily, though the prob- 
able meeting -point of them appears to be at about 10°7 per cent., 
or C,H,NH, + 34H,O. The meeting point of this portion of the 
figure with that extending to 62 per cent. is given by both the Second 
and Third Series as 


27 per cent., corresponding to C,H, NH, + 10°96 H,0. 


The specimen of amine used in the Third Series was specially dried 
and redistilled. 

The fact that insufficient data in this and the foregoing cases 
led to placing a break at a wrong percentage—at one, namely, inter- 
mediate between two real breaks—may be an argoment for the 
necessity of caution in drawing conclusions, but can be no argument 
against the real existence of breaks; such a result must inevitably 
occur in some particular cases, as any one may see by constructing 
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various artificial figures, and then selecting a few points out of them 
as a basis for another drawing. But it is only in the case of some 
figures that such a result would be obtained, and it is noticeable that 
in the present cases the character of the spurious breaks suggested at 
once the probability of their really being spurious. 


Diisobutylamine. 


This amine froze at —77°, giving a crop of somewhat transparent 
crystals. Its solubility in water, and that of water in it, is very 
small, and the water crystallises from the mixed liquids unchanged 
at 0°. Both solubilities increase with a lowering of temperature. 


Triisobutylamine. B. p. 189°-4—191°4° at 753 mm. 


This amine froze at —25°8°, giving a copious crop of well-formed, 
needle-like crystals. The mutual solubilities of it and water, which 
increase with rise of temperature, are very small; but, in spite of this, 
the two substances combine to form a hydrate. On adding a little 
water, the freezing point of the amine fell to —60°, a copious crop of 
small, opaque crystals was then obtained, and, on the addition of more 
water, the freezing point rose, till it attained —31°; beyond this it 
could not be raised, and, to obtain this point, a considerably greater 
amount of water must be present than will dissolve in the amine. 

The freezing point of this hydrate, it will. be noticed, is lower than 
that of the pure amine. The smallness of the amount of water taken 
up by the amine renders it probable that the hydrate is rather a low 
hydrate, but, owing to the fine nature of the crystals, the lowness of 
the temperature, the volatility of the amine, and the fact that the 
solubility of the liquids in each other is affected by temperature, it 
was considered useless to attempt to determine its composition by 
trying to separate the crystals and analyse them. 


Amylamine. (Table XII, Fig. 4, EF, p. 173.) 


The amine itself did not solidify at —80°. The general form of 
the figure attained in this case resembles that obtained with the two 
butylamines, but it will be seen that the curvature of the first two 
curves is in the opposite direction to what it is in the case of the 
putylamines. The positions of the breaks indicated were 


lst Series, 11°2 
a 125 prs p. c., corresponding to C;H,,NH, + 37H,0, 
3rd_Sg,_:=S «i108 

and 
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lst Series, 45°2 
Qnd_ is, 185 b 459 p. c., corresponding to C;H,,"NH, + 5°70H,0. 
8rd Sg, «2S 440 

47°77 p. c. represents C;H,"NH, + 5°5H,0. 


The crystallisation of water certainly extends as far as 67°5 (30) 
per cent. (mean of 68, 67, and 67°5), after which the freezing points 


Taste XII.—Freezing Points of Aqueous Solutions of Amylamine. 


C;H,,NH; = 87. B. p. 95°8—96°3° at 753 mm. 


Percentage 
molecular 
composition. 


Freezing Per cent. Freezing 


Per cent. 
point. C;H,)N H.. point. 


C;Hy:N Hg. 


First Series. Third Series. 


| None at — = A hydrate crystallises. 
» 80 82°14 | 67 -20° 
80°01 64°0 
77 °86 57 °0 
75 °45 50 °0 
A hydrate crystallises. 72°91 41°9 
70°24 33°4 


Water crystallises. 
23 *4 


Water crystallises. 
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Second Series (see next page). 
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Taste XII—continued. 


Per cent. Percentage | 


O,H,y-NHp. Benn ad point. 


Freezing 


Second Series. 
A hydrate crystallises. 
49 +28 
41°65 
35-65 
31°12 | 
Water crystallises. 
27 *62 


oi SBRsasesee 


*84 
18 
"57 
00 
19 
“78 
“84 
*22 
“69 

98 
“05 
91 


BRE Vaee 
C—O) 


form a line, which is very nearly straight, as far as 83 per cent. (49). 
From the appearance of the crystals, it seems quite certain that this 
line represents the crystallisation of a hydrate, although, as far as the 
appearance of the figure goes, there is nothing to indicate that the 
change at 67°5 per cent. is more than an ordinary break. 


Diamylamine. B. p. 188°6—189°2° at 753 mm. 


On cooling this amine to —76°, it became very viscid, and a. slight 
cloudiness appeared, disappearing again as the temperature rose to 
—50°; this was probably due to a trace of moisture in the amine, for, 
in spite of the smallness of the solubility of water in it and of it 
in water, it was found, as in the case of triisobutylamine, to form 4 
hydrate. This hydrate forms in semi-transparent crystals; the 
highest freezing point obtained by taking excess of both liquids 
being —10°. 

The mutual solubility of the amine and water increases with lower- 
ing of temperature. The solubility of the amine in water is so small 
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that, as far as the present determinations are concerned, it does not 
appreciably lower the freezing point of the latter. 


Ammonia. (Table XIII.) 


On examining Berthelot’s values for the heat of dissolution of 
ammonia, they appeared to form a figure showing two very remark- 
ably pronounced breaks at 11H,0 and 2H,0 respectively. The latter 
of these, however, must be considered as very questionable, owing to it 
depending on determinations with solutions which were saturated at 


Taste XIII.—Freezing Points of Aqueous Solutions of Ammonia. 
NH; = 17. 


Percentage 
molecular 
composition. 


Freezing Per cent. | Freezing 
point. NH;. point. 


Per cent. 
NH;. 


First Series. Second Series. 


48 *95 None at —82° 32°48 None at —70° 
46°46 31°42 , —<— 

44°97 30°40 o —78 

42°18 
39°81 
37 °59 Water crystallises. 
35°44 
33 *41 
31°47 


Water crystallises. 


29 -47 | 
27 -03 
25°42 | 
23 94 | 
22°57 
21°07 
19°44 
17 ‘87 
16°09 
14°27 
12°41 
10°42 

8°59 

6°66 

4°78 

3°13 

1°64 
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Taste XIII.—continued. 


Per cent. Freezing Per cent. Freezing 
NH;. point. 


Third Series. Third Series —continued. 


None at —80° 
—78 


” 


Water crystallises. 


wo 


hm bo Co em O11 
i) 


0 0 hs ore a3 


PPLE 


me bo OO mh ATO 


low temperatures, and with which the results must have been more 
than doubtful. In any case, indeed, the points available were not 
sufficiently numerous (10 only) or well distributed to elucidate 
breaks satisfactorily, but the break at 11H,O (8 per cent.) was sup- 
ported by the fact that Carius’ values for the specific gravities of 
ammonia solutions (Annalen, 99, 164) strongly suggested a break 
at 8 to 10 per cent.; this, and the coincidence of 11H,0 with 
several of the breaks, and one of the hydrates isolated, in the case of 
the amines, induced me to examine the freezing points of the solu- 
tions. Carius’ values, I may mention, also suggested a break at some 
higher percentage, but there were not sufficient of them to admit of 
any conclusions being drawn as to its position. Thomsen’s heat 
determinations also are far too meagre (only three solutions were 
examined) for any indications of breaks. 

Three series of determinations were made. The strongest solution 
from which a crystallisation could be obtained, water being the 
crystallising substance, was 29 per cent., or about NH, + 2°5H,0, so 
that no evidence for or against the existence of a dihydrate was 
obtainable. A fairly well marked break appeared at— 


Ist Series, 20°6 
Qnd_ ,, 197 have per cent., corresponding to NH; + 3°64H,0, 
Srd ,, 21°5 


and also another at 
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IstSeries , 7° 

Qnd_ ,, $00 bos per cent., corresponding to NH; + 10°74H,0, 

3rd ” (8°5) 
the latter agreeing with the break indicated by Berthelot’s and 
Carius’ results. In the case of the Third Series, the position of this 
break is not well defined, and a half value only has been assigned to 
the position given by it. The results with ammonia have not been 
depicted ; they form a curve showing no great changes of direction, 
and resembling the first portion of the figure for methylamine 
(Fig. 1, AB, p. 147). 

Attempts were made to isolate a lower hydrate by passing ammonia 
into a little of its solution cooled to —70°, but, though a solution as 
strong as 3NH;,H.O was thus obtained, no crystallisation occurred. 


General Discussion of the Results. 


As a point of minor interest, it may first be noticed that only a few 
of the amines solidified when cooled to about —80°, and those which 
did so are not the highest members of the series; indeed, from a 
comparison of the freezing points (given below) of the three di- 
derivatives which were solidified, it would appear as if the freezing 
point falls as more and more of the hydrogen in the radicle becomes 
replaced by CH; groups, although the boiling points, as is well 
known, rise under such circumstances. On the other hand, the 
freezing points entered in the right-hand half of the table show that 
the replacement of the hydrogen in ammonia by CH; groups produces 
arise in the freezing points. The results with the four hemihydrates 
isolated—the only ones available for any comparison of this sort— 
show a variation in the same direction in both cases, with the 
exception of those of diethyl and dipropyl when compared together, 
in which case there is a difference of 1°7° in the opposite direction ; 
but it would be necessary to obtain a larger number of instances before 
any general conclusions are accepted as proved. It must, of course, 
be remembered that the absence of solidification in the case of 
the other amines does not necessarily imply that their freezing 
points are lower than, or as low as, the temperatures to which they 
were cooled, for superfusion often renders crystallisation difficult. 
it is possible that one amine might be used to “ touch off” its super- 
fused homologue. 

Amines. Freezing Points. 
Diethyl — 49°3° 
Dipropyl..... —60°0 
Diisobuty] .... —77°0 


Diisobutyl ... 
Triisobuty] ... 
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Hemihydrates. Freezing Points. 


Diethyl] 
Dipropyl 


In the third column of Table XVI, p. 189, the freezing points of 
the various isolated hydrates of which the composition is given in 
the first column are entered, but there does not seem to be any 
regular connection between them and the number of water mole- 
cules present. It will also be noticed that only one monohydrate 
was isolated—that of diethylamine—though such a hydrate is the 
one the existence of which would have seemed most probable. 

As to the depression of the freezing point of water by these amines, 
the present experiments were not calculated to give any very accurate 
results, but the values in Table XIV show that there can be no 
doubt but that in the case of the first nine amines examined the values 
are approximately normal (that is, the molecular depression for 1 mol. 
to 100 H,O is about 1°), whereas in the cases of the two butylamines 
and of amylamine the depression is abnormally small, pointing to the 
aggregation of the amine molecules in solutions. 

The depressions here given were determined from the results with 
solutions of a strength of 1 mol. to 100H,0, and a rough glance at 
the woodcuts will show that very different values would be obtained 
in most cases by taking stronger solutions. In the other columns of 
Table XIV, the values for the strongest solutions from which water 
crystallises are given, and in some cases those for other strengths also. 
From these it will be seen that the molecular depression remains 
approximately constant in the cases of trimethylamine and propylamine 
only, whilst in the cases of triethylamine, dipropylamine, and amy]l- 
amine there is a decrease with increase of strength, and in the other 
eight cases, the reverse obtains, the molecular depression increasing 
sometimes to the double of what it is in the weakest solutions. 
There does not seem to be any connection between the variation in 
the molecular depression and the isomerism of the amines. Even 
the metameric amines show considerable differences in their action 
on water. <A study of the woodcuts will also show that great 
changes exist in the rate of increase or decrease with different 
strengths of the same solutions, and data illustrating this in three 
cases are also given in Table XIV. 

These results may or may not be at variance with those which I 
have already noticed, as to the alteration of the molecular de- 
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pression with alteration of strength (Ber., 24, 33]7).. The consider- 
able number of instances which I had at that time collected showed 
that with electrolytes the depression increased with increasing strength, 
whercas with non-electrolytes the reverse was the case, though in a 


Taste XIV.—Molecular Depression of the Freezing Point of Water pro- 
duced by the Amines. 


° i t ‘ : 
Mol. depression Mol. depression at x mols. to 1OOH,O 
at 1 mol. to 
100H,0. 


Mol. depression. 


Ammonia .. se eeeeseeess 
Methylamine . . 
Dimethylamine (a).. 
Trimethylamine (0) . 
Ethylamine (a)......... 
Diethylamine (c),....... 


Triethylamine (d)....... 
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Propylamine (4) ........ 
Isopropylamine (d)...... 


Dipropylamine (d) .. 


Isobutylamine (c).. 
Secondary butylamine. (c). 


{ 


1 
1 
1 
1 
1 
1 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 


Seeenseg 


a 


Amylamine. ........000 0°70 


Those marked (a), (4), (c), and (d) are isomeric with each other respectively. 


few instances the diminution shown by the latter was preceded by a 
temporary increase. Whether the eight instances above mentioned 
are merely cases in which there is a similar temporary increase, which 
‘would eventually be followed by a decrease if solutions of greater 
strength could be examined, or whether these amines are altogether ex- 
ceptional as compared with the other substances examined, it is impos- 
sible to say ; in support of the former view, however, it may be noticed 
that the strongest solutions here dealt with are weak in comparison 
with those which I instanced in my former paper, and also that of 
the five strongest solutions mentioned in Table XIV, three of them 
show a decrease with increasing strength. 

The molecular depression of water on the amine was measurable in 
the case of ethylamine only; it was 0°345° at a strength of 10H,O to 
100C,H,-N Hg. 

Of the depressions produced on the freezing points of the varioug 
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hydrates by water and by the amine, only very. rough measurements 

can be made. The depression is very small, and to obtain a measur- 

able quantity we have to take solutions containing from 20 to 100 

dissolved mols. to every 100 mols. of the hydrate. Since the mole-. 
cular depression increases rather rapidly in most cases with the 

number of foreign molecules present, the values thus obtained will 

be considerably too large. They are given in Table XV, the nambers 

in brackets indicating the molecular strength of the solution (x mols. 

of water or amine to 100 mols. of the hydrate) from which the values 

have been deduced. 


Tarte XV.—Molecular Depression produced by the Amine and by Water 
on the Freezing Points of the Hydrates. 


Mol. depression | Mol. depression 
by amine. 


Hydrate. 


Hemihydrate of ethylamine*...........+.+.| 0°090 (50) 
diethylamine*.........++++| 0°012 (50) 
propylamine*...........-.| 0°026 (50) 
dipropylamine*.,..........-| 0°018 (50) 


” 
” 


” 


Dihydrate of triethylamime............+.++| 0°025 (50) 


Trihydrate of methylamine.........- «-| 0°036 (20) eae oo 
5:5-Hydrate of ethylamine® ...........+4./. 0°057 (50) _|{0'008 God) 


Heptahydrate of dimethylamine ...........| 0°032 (20) 0°001 (100) 
es isopropylamine....... cess} 0°020 (20) 0°0003 (100) 


Octohydrate of diethylamine ..........+...| 0°0032 (20) 0-0007 (100) 
propylamine.......+...+.+.| ©O°010 (20) 0°0006 (100) 
isopropylamine..........+.| 07013 (20) 0-0016 (100) 


” 


Hendecahydrate of trimethylamine.........| 0°018 (20) 06-0008 (100) 


The values with the four hemihydrates differ considerably. in 
two cases the amine and water produce about the same molecular 
depression on the hydrate, in the other two cases they do not. 

Taking the results with all the hydrates, there does not appear to 
be any regularity in the depressing effect produced by excess of amine 
on the hydrates when compared with the amount of combined water 
present in the hydrates, but as the amount of amine in the molecule 


* Reckoned as hydrates with } and 5}H,O in the molecules respectively. If 
the molecular weights of the hydrates are doubled, the values here given -for the 
idepressions will be doubled also, 


Y 
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of the hydrate is constant, whatever the amount of water present is, 
such a result might be expected; on the other hand, the depress- 
ing effect of water diminishes considerably as the amount of combined 
water in the hydrate increases. Other instances might be quoted in 
illustration of this diminishing effect of water. 

The smallness of the molecular depression produced by water is very 
noticeable and important ; in the extreme cases it is only about 0°0006°, 
and, as I said above, this is probably an excessive estimate. Now 
a hydrate containing 8—11H,0 cannot have a heat of fusion differing 
much from that of pure water, say that it is 70 per gram, and that 
the freezing point is —8° C., or 265° on the absolute scale, the molecular 
weight of the hydrate (the solvent) being 200: then the molecular 
depression produced by water, if the acting molecules of the latter 
were fundamental molecules, would, according to van’t Hoft’s formula 

()s ¢ 2 
00. x a } be about 0°1°, or nearly 200 times more than the 
smallest value here observed, so that the water molecules must be 
acting in aggregates containing about 200 H,0; in very weak solu- 
tions, they would probably be still more complex. This result, being 
based on the views which the supporters of the physical theory hold 
most firmly, must come as a strong argument in favour of the existence 
in solutions of molecules (hydrates as well as homogeneous molecules) 
of great complexity. The only answer which has been made to a 
similar argument, which I adduced on a former occasion, was that a 
hydrate was not a solvent in the ordinary sense of the term (B. A. 
Report, 1891) but, as the ordinary sense of the term solvent was not ex- 
plained, it is impossible to discuss the validity of this answer: I need 
only remark that a hydrate which crystallises as a whole at a detinite 
temperature, which dissolves other compounds, and which has its 
freezing point depressed by doing so, has every claim to be called a 
solvent, and to have the depression of its freezing point measured. 

As to the general form of the figures representing the freezing 
point in the various cases, it may be noticed, from Fig. 1, p. 147, that 
with the methylamines the water curve extends a shorter distance, 
and the isolated hydrates contain more water as the number of 
methyl groups in the amine increases. Ethylamine and diethy]l- 
amine show a similar behaviour (Fig. 2, p. 157), but triethylamine is 
exceptional, water crystallising as far as a percentage molecular pro- 
portion of 30. The figure in the case of this amine is indeed strongly 
suggestive (especially when compared with the accompanying figures 
in Fig. 2, and with those in Fig. 1) of the erystallising substance 
from 4 to 30 per cent. molecules being a hydrate, but this cannot be 
so unless the hydrate resembles water very closely in its appearance, 
and is actually isomorphous with it, and the suggestion becomes 
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more feeble when the results are plotted out on a sufficiently 
open scale to show that the position from 4 to 11 per cent. mols. is 
really rectilineal and not a curve rising towards a maximum. The 
two monopropylamines (Fig. 3, p. 166) yield figures showing no very 
striking resemblance to each other, and they differ altogether from 
that yielded by dipropylamine. The two monobutylamines, on the 
other hand (Fig. 4, p. 173), resemble each other very closely. With 
the four amines highest in the series, dipropylamine, the two bntyl- 
amines, and amylamine, water crystallises from solutions of much 
greater strength than in the other cases. 

If changes of curvature (breaks) occur at the composition of hydr- 
ates existing in solution, we ought to get breaks at all maximum 
points: in some cases (sulphuric acid and its tetrahydrate, Trans., 
1890, 5'7, 349 and 338) such breaks are excessively well marked; 
in the present work also, several instances have been mentioned in 
which breaks ‘probably occur at the maxima, but there are others in 
which they do not appear to do so, though in many cases the lowness 
of the temperature, or the starting of some other crystallisation, 
renders it impossible to say whether there are such breaks or not. In 
cases where none appear, this simply means that they are not suff- 
ciently prominent to be recognised by the bent lath with experiments 
of the given degree of accuracy, and this must show the probability 
of there being many more breaks than those recognised in the present 
work, for breaks at the maxima must exist, whether they are recognis- 
able or not (unless the molecular depressions on each side of the 
maxima diminish to an infinitesimal magnitude, in which case the 
depressing molecules would have to be infinitely large), for the de- 
pression on one side of a maximum is produced by one substance, and 
that on the other by another substance, and even if the molecular 
depression is the same in the two cases, the molecular proportions 
must be represented by different rates of alteration in the percentage 
composition. 

Table XVI contains a list of the hydrates isolated, and also that 
of the breaks indicated. The numbers refer to the water molecules 
present to one molecule of amine, and the nature of the amine is 
indicated by the symbols following the numbers. Those breaks 
which are less certain as to their existence or position are enclosed in 
brackets. 

The first thing to be noticed with regard to this table is the large 
number of hydrates actually isolated. They amount to 24, of which 
as to the existence of two only (dimethylamine and propylamine) can 
there be any doubt. Sixteen amines were investigated ; of these, two 
were practically insoluble and yielded no results, three others were 
only partially soluble, and of the remaining 11, most of them could 
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be but half investigated owing to the lowness of the freezing points 
in the case of strong solutions of them. Yet, in spite of this, they 


Taste XVI.—Water Molecules in the Hydrates isolated, and indicated 
by Breaks: Experimental Values. 


Tsolated. Indicated by breaks. | Freezing point. 


NE, «os cnncsheosnensbieiiin -17°2 
SE ti onc panic neikiean — 18°93 
EE nis cc akesdatd lesa —61°1 
Pass 0s cass ct sesccvccis —71°2 


Wiibish ontnenseeete seceveseanee = —67 
3°06 When s 00 cc ccccveesencecejecce 1°9 Me, 


3°01 Me ee eee ee eee ee ee re ee eens — 
{isp 


3°52 Pr 
3°74 NH; 


5°38 Et, 
INE £8 iis ors es rs 5 ‘61 Pre 
(5°70 Am 
(7 Bu, i980) .cccccccecsces pers 
6°9 Me, TrrerTererererrnel et eee tr 7°3 Me; 
ot. eae ree ee 
iiss seas citerseneberi 8°4 Ets 


(9 °8 Me) 
10°75 NH; 
10°96 Bu, sec. 
11°02 Et, 


One of unknown composition with. . 14°2 Bu, iso 
(20 Mes) 
Mes, (Me,) Mes, Et (Pr), Pr, iso .. 31 Et, 
‘ (34 Bu, sec.) 
36 Et, 
Bu sec., Bus, iso Am, Amg .o..ees- (36 Bu, iso) 
7 Am 


yield an average of two isolated hydrates each, and that, too, in the 
case of organic substances which, as we know, generally exhibit far 
less tendency to form compounds with water than do inorganic sub- 
stances. The isolation of such a large number of hydrates under 
these conditions must tell strongly in favour of the hydrate theory of 
solution, even if it is not acknowledged, as I maintain it should be, 
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that the separation of a crystalline hydrate from a solution neces- 
sarily proves that some molecules of this hydrate are present in the 
liquid form in the solution tself. 

The composition of a hydrate must be molecular, and the values 
obtained in the present case, it will be seen, agree very closely indeed 
with simple molecular proportions. The average of the four hemi- 
hydrates gives 2: 0°978, or, omitting dipropylamine, in which, as I 
pointed out (p. 170), the nature of the figure rendered accuracy very 
difficult, 2:1°003. In other cases, we get 1 : 2°06, 1: 3°01, 1: 7°04, &c. 
With the higher hydrates, however, we cannot expect to obtain very 
exact values, owing to the gradual manner in which the maximum is 
reached (see foot note, p. 161), not to mention the difficulties of 
making observations in many cases, and the possibilities of constant 
errors due to the method adopted. is 

The isolation of as many as four hemihydrates is worthy of notice, 
and other similar ones may exist in other cases, for the freezing 
points of equally strong solutions in most of these other cases inves- 
tigated have not yet been reached. Also the prevalence of hydrates 
with 7H,O and 8H,0 is noticeable. 

The latter hydrates, and still more that with 11H,O, musi be re- 
garded as very high hydrates when formed of compounds constituted 
like a single molecule of ammonia. If higher hydrates exist in the 
solutions, as they probably do, it is unlikely that they would ever be 
isolated, considering the much greater ease with which water assumes 
the crystalline form than the higher hydrates do, the latter, in most 
cases, exhibiting superfusion to a considerable extent. 

The accuracy with which the position of a break can be determined 
is generally less than that with which the maximum attained by the 
freezing points of a crystallising hydrate can, and, of course, varies 
much in different cases according to the nature of the break. Breaks 
indicating hydrates of very simple molecular composition might be 
expected to be the best marked, but, unfortunately, the absence of, or 
the lowness of, the temperatures of the freezing points in these 
regions renders the recognition of breaks here very exceptional ; 3H,0 
or 4H,0 would generally be the earliest point at which a break could 
be looked for in the instances at present under discussion. 

Now, there is certainly a tendency for similar hydrates to be 
isolated in different cases, and if the breaks really indicate the 
existence of hydrates in solution, we should expect that many 
of the hydrates indicated by them would correspond in composition 
to those isolated in other cases ; and an inspection of the data given 
in Table XVI shows that such a correspondence undoubtedly exists, 
wherever it might reasonably be expected, that is, between the 
composition of 3H,0 or 4H,O and 11H,0. There are three breaks 
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at 5°5H,O, and one hydrate of this composition has actually been 
isolated ; there are two breaks at 7H,O or 8H,0, and no less than 
four, probably five, hydrates of this composition have been isolated ; 
there are three, perhaps four, breaks corresponding to 11H,0, and 
one hydrate of this composition has been isolated: also, it may be 
added, that a dihydrate has been indicated by a breuk, and one has 
also been isolated. The only case in which there is no corroborative 
evidence of a break by the isolation of a corresponding hydrate is 
with the three breaks at 3°5H,O, though hydrates with double this 
proportion of water, 1:7, have been obtained. 

The composition of the four hydrates with 55H,O, or rather 
2:11H,0, is certainly one which might not naturally have been ex- 
pected; but the mean of the values obtained, namely, 2:11:06, 
leave but little doubt that this is really their composition; and 
it is noticeable that both an isolated hydrate and also two breaks 
representing 1:11H,O have been found; it is also noticeable that 
a hydrate of this same composition (2:11) is one which I found in 
the case of sulphuric acid, and one which, in some respects, was a 
prominent hydrate. 

The agreement as to absence of indications of both isolated hydrates 

and of breaks at certain points is almost as striking as their presence 
at other points, for we have an entire absence in both cases of any 
indications of hydrates with 4, 5, or 6H,0. 
_ There are seven hydrates indicated by breaks as containing more 
water than any of the hydrates actually isolated. The composition 
of these can necessarily be determined only approximately: the 
values are 14, 20, 31, 34, 36, 36, and 37H,0, and the recurrence of 
a number near to 35 cannot escape notice. 

A summary of the hydrates isolated and indicated by breaks is given 
in Table XVII (p. 192), arranged according to the nature of the amine 
present in them. On examining this table, however, I have failed to 
discover any connection between the numbers of water molecules in 
the hydrate and (a) the identity or otherwise of the radicle in the 
amine, or (b) the number of radicles in the amine, or (c) the isomer- 
ism or otherwise of the amines, or (d) the number of water molecules 
present in the other hydrates of the same amine; the only apparent 
coincidences of a marked character are that there is a constant 
difference of 4H,O between the three higher isolated hydrates of the 
methylamines, and that the metameric amines exhibit a certain 
amount of similarity as to their hydrates. Thus, with the two propyl- 
amines, we get breaks at 3°5H,0 in each case, and also isolated 
hydrates with, probably, 8H,0: with the two butylamines we get 
breaks at about 35H,0 ; but whether the isolated hydrates are similar 
ih these two cases or not it is impossible to say; it seems certain, 
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Taste XVII.—Showing the Water Molecules in the Hydrates isolated 
and indicated by Breaks.* 
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however, that the well marked breaks at 14H,O and 11H,0 in the 
two cases cannot be coincident, as the experimental error in deter- 
mining their positions is apparently much less than would account 
for the difference of 5 per cent., which is that between the composi- 
tion of the two hydrates. 

The present work affords many instances of breaks of such a 
marked character, that no impartial critic could deny their existence. 
The nature of the experiments was such that breaks of a minor 
character would probably have remained undetected, and the general 
results present, consequently, a more simple appearance than in the 
case of sulphuric acid ; the natural effect of such simplification is to 
bring into greater prominence the more important breaks. (It is, of 
course, probable that there are actually fewer minor breaks in the 
present cases than in that of a substance like sulphuric acid, which 
possesses such an pxcessive affinity for water.) Two of the several 
instances which might have been selected are represented in Fig. 5, 
the experimental points being inserted: they are a break in the case 
of triethylamine (First Series taken for the plotting), and one in the 
case of isobutylamine (First Series taken, supplemented by points for 


* The hydrates indicated by breaks are marked by asterisks: the uncertain ones 
are inclosed in brackets. The lines in the otherwise blank spaces imply that no 
freezing points sufficient to afford any indication of whether a hydrate of the com- 
position existed or not were obtained here. The amines marked (a), (4), and (c) 
sare respectively isomeric with each other. 
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weaker solutions from the fuller Second Series) : the other figures in 
the cut represent the breaks with dipropylamine (Second Series) 
and propylamine (First Series). Now, in these last two cases, curves 
CD and GH, it is absolutely certain that the breaks at J and L 
respectively are really changes of curvature, though it would, no 
doubt, be possible to represent the figures by a continuous equation, 
if this might be of an artificial character, such as ‘the equation which 
Professor Riicker applied to some of my sulphuric acid results 
(Phil. Mag., 32, 304, and 33, 132): the break at J, for instance, is 
caused by the water and amine becoming fully saturated with each 
other; the freezing points from 0° to J represent those of solutions of | 
increasing strength, while those beyond J are all constant, and refer 
really to a solution of one and the same strength; there must be a 
break at J: yet the break at I, which is a break of a character simila 

to all those which I have dealt with, is just as marked as that at J 
(indeed, more so, for the sections on both sides of I are straight lines 
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within the limits of experimental error, whereas only one of those 
forming J is a straight line), and it would seem to be quite irrational 
to refuse to accept I as a break when we must accept J as one. 

Similarly, the break at K, which is an ordinary break in a figure 
representing a continvous phenomenon—the crystallisation of water 
from isobutylamine solutions—is just as marked as the break at L, 
of the existence of which there can be no doubt, for GL represents 
one phenomenon—the crystallisation of water—LH another—the 
crystallisation of a hydrate: if we accept Ge break at L, which we 
must, we cannot reject that at K. 

Another striking instance of a similar character is shown i in the 
two main breaks in EF, Fig. 2, p. 157, the first of which is an 
ordinary break, and the other a break due to the crystallisation of 
another substance. 

The evidence adduced in the present communication must, I 
venture to think, present several new and strong arguments in 
favour of the view that hydrates exist in solution, and must render it 
very difficult for anyone to ignore the probability of solutions being 
truly chemical in their nature. The supporters of the physical 
theory, certainly, do not seem at present very inclined to dispute that 
in strong solutions hydrates may exist, and they are content either 
with ignoring or denying their existence in weak solutions only, 
attributing the behaviour of these solutions not only to purely 
physical causes, but to an absolute dissociation of atoms which is 
the very antipodes of the existence of complex hydrates and similar 
compounds. But any proof of the existence of hydrates in strong 
solutions must render such explanations of the behaviour of weak 
solutions highly improbable, for once we have a hydrate presént in a 
strong solution how are we going to get rid of it by further dilution ? 
According to our knowledge of the ordinary laws of dissociation, the 
addition of the excess of either of the components of a compesite fluid. 
which is partially dissociated into its components must do one of two 
things : either (1) it must increase, and not diminish, the amount of 
the compound (hydrate) present, or (2) it must lead to the formation 
of new compounds, higher or lower hydrates, as excess of water or of 
substance is added. That the addition of excess of water should 
lead to the disunion of the dissolved substance and the water, and 
even (in the case of electrolytes) the disunion of the atoms with each 
other, is a view which is directly opposed to our knowledge of the 
effect of mass on dissociating fluids, and requires some explanation 
on the part of those who advocate it. 

Throughout the performance of this work, I may add, a phenome- 
non which tells strongly in favour of the existence of hydrates in 
solution was continually being observed, namely, the increased 
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viscosity of the liquids produced by mixing them. In many cases, 
an amine which was perfectly mobile at low temperatures became so 
viscous on the addition of a little water, that the solution could be 
described as pasty, although the same amount of water added to 
other liquids at the same temperature produced no such effect ; in the 
same way a comparatively small amount of amine added to water in 
several cases produced a somewhat viscous liquid even at compara- 
tively high temperatures at which both these liquids are known to 
be mobile when separate. Such results, which would form an 
interesting subject for quantitative investigation, speak strongly 
against any view which represents the molecules in the solution as 
being those of the solvent and substance in a state of simple ad- 
mixture. 


XI.—The Identity of Caffeine and Theine, and the Reactions of Caffeine 
with Auric Chloride. 


By Wynpuam R. Dunstan and W. F. J. SHEPHEARD. 


CarFEinE was isolated from coffee, and its chief properties were 
described in the year 1821 by Runge, by Pelletier and Caventou, and 
by Robiquet, working independently of each other. Six years later, in 
1827, Oudry described a crystalline substance he had obtained from 
tea, which he called theine. In reviewing Oudry’s work, Berzelius 
drew attention to the similarity in properties of caffeine and theine, 
and he suggested that the two substances were identical. In 1832, 
caffeine was analysed for the first time by Liebig and Pfaff, their 
results being published in the first volume of the Annalen (p. 17) ; 
these results were corroborated by independent analyses made by 
Wohler. Six years later, at the suggestion of Liebig, Jobst (Annalen, 
25, 63) analysed theine, and showed that its composition was the 
same as that of caffeine. 

The analyses of caffeine and theine subsequently made by Mulder 
(Annalen, 36, 93) confirmed this identity of composition, and since 
no differences were detected in the properties and principal chemical 
reactions of the two compounds, their identity has never been ques- 
tioned on chemical grounds. 

The circumstance that the physiological effects of tea differ from 
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those of coffee led Dr. T. J. Mays, in 1866, to examine the physio. 
logical action of caffeine and theine. His experiments (J. Physiol., 7, 
458; Therapeutic Gaz., 1886, 587) were made, for the most part, with 
frogs, and disclosed several marked differences in the action of the 
two substances. The most important of these were, that theine 
paralyses sensation, whilst caffeine does not; unlike caffeine, theine 
causes convulsive spasms and tetanus; theine produces local anes. 
thesia, but caffeine does not; the toxic dose of theine is greater than 
that of caffeine. 

There is no evidence that the caffeine ‘and theine used in these 
experiments were chemically pure, and it is a significant fact that the 
theine is found to produce physiological effects of which caffeire is 
incapable. It is now well established that tea contains other bases 
besides theine, and it is not improbable that theine which has been 
isolated from tea by the ordinary processes would be contaminated 
with small quantities of foreign bases, and that the observed differ- 
ences in the physiological action of theine and caffeine may be due 
to impurities in the theine. 

Lauder Brunton and Cash (Proc. Roy. Soc., 42, 238 ; J. Physiol., 9, 
112) have recently compared the physiological action of caffeine and 
theine, and, although they are unable to confirm all the conclusions 
arrived at by Mays, their results seem to indicate that the physio- 
logical effects of the two substances are not identical. They state 
that theine is a more active muscular poison than caffeine, whilst it 
leads to rhythmical contractions in muscle which are not observed 
when caffeine is administered. The substances used by these ob- 
servers were believed to be pure, but no comparison of their chemical 
and physical properties appears to have been made; it is, therefore, 
possible that the theine may have been contaminated with traces of 
foreign bases. 

In face of these assertions, it seemed desirable to review the 
evidence for the identity of caffeine and theine, and, if necessary, 
to institute fresh experiments, for the purpose of confirming or dis- 
proving it. . 

On referring to the original papers of Jobst and Mulder, it appears 
that identity of composition, as evidenced by the results of combus- 
tions, is all that is really proved. The substances have also been 
shown, qualitatively, to exhibit the same chemical reactions, but no 
experiments have been recorded which would disprove an isomerism 
of these compounds, similar to that which subsists between byos- 
cyamine and atropine. 

Schmidt (Annalen, 217, 270), however, has shown that artificial 
caffeine, prepared from theobromine, is identical in every respect with 
theine, and, it seems most probable that any chemical or physical 
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differences between caffeine and theine would have been disclosed 
before now, had they existed. It has been puinted out, however, that 
caffeine prepared from coffee rarely, if ever, comes into the market, 
and that the caffeine of commerce is obtained from tea; the oppor- 
tunities for a comparison of the properties of the two substances 
have, therefore, not been as numerous as might seem to be the 


case. 
Since the possibility of isomerism cannot be negatived by an appeal 


to existing experimental data, Dr. Lauder Brunton suggested to one 
of us that, as the subject was of interest to the physiologist and the 
physician, it was desirable that the chemical question should be 
settled. We, therefore, undertook to search for evidence of isomerism 
between caffeine and theine. With this end in view, we have isolated 
caffeine from coffee, and theine from tea, and we have examined the 
physical and chemical properties of both these bases, as well as those 
of some of their well characterised compounds, notably the auro- 
chlorides, which, in other cases, have proved of such service in 
revealing isomeric differences. In carrying out this work, we incident- 
ally prepared some new compounds, which we believe are unique and 
of considerable chemical interest, and, indeed, the investigation has 
turned out to be profitable for other reasons than that for which it 
was originally undertaken. 


Caffeine and Theine. 


The caffeine was extracted from 1 lb. of unroasted coffee berries. 
The berries, very finely powdered, were repeatedly boiled with water 
until nothing further was removed. The aqueous extract was eva- 
porated to a small volume, and about 100 grams of lime was then 
intimately incorporated with it, and the mixture thoroughly dried 
over the water-bath. The finely-powdered mass was repeatedly 
boiled with alcohol until caffeine was no longer removed, the alcohol 
distilled off, and the residue dissolved, as far as possible, in dilute 
sulphuric acid (1 per cent.) ; the solution, after filtration, was made 
alkaline with ammonia, and the caffeine extracted by repeatedly 
shaking the solution with chloroform. The impure base remaining 
after the distillation of the chloroform was purified by recrystallisa- 
tion from water, this operation being repeated until the melting point 
of the crystals did not change. By this means fine, silky needles were 
obtained which melted constantly at 234°5° (corr.). According to 
Strecker (Annalen, 118, 151), caffeine melts at 234—235°; other ob- 
servers have recorded 230—231°, which is certainly too low. 

The theine was extracted from 1 lb. of tea by boiling it for several 
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hours with water (2 litres). This process was then repeated with 
the residue until nothing further was removed. The aqueous extract 
was concentrated to a small volume, and 90 grams of lime were incor- 
porated with it. The dried and tinely-powdered mass was then mixed 
with alcohol, and the mixture boiled for several hours, the extraction 
with alcohol being continued until no more base was dissolved. 

The alcohol was then distilled from the mixed solutions, aud the 
residue acidified with dilute sulphuric acid. The filtered acid liquid 
was made alkaline with ammonia, and the theine extraeted by 
shaking with chloroform. 

The impure base obtained from the solution in chloroform was then 
repeatedly crystallised from water. Fine, silky needles were thus 
obtained corresponding in their appearance with caffeine. These 
melted constantly at 234°5° (corr.), that is, at exactly the same tem- 
perature as caffeine. 

It is, therefore, almost certain that the two compounds are identical 
and not isomeric. To confirm this conclusion, the properties of the 
aurochlorides and of the mercurochloride compounds formed by the 
two specimens were examined. 


Caffeine and Theine Aurochlorides, C,H\;N,O.,HAuCl, 


The aurochloride of caffeine was first obtained by Nicholson in 
1847, in the course of the experiments he made in the Royal College 
of Chemistry at the suggestion of Professor Hofmann, to confirm the 
formula Liebig proposed for caffeine, which had been called in ques- 
tion by Payen (Reports Roy. Coll. Chemistry, 1,106). The salt has 
since been described by several chemists (Schmidt, Annalen, 217, 
282; Biedermann, Arch. Pharm, [3], 21, 175); but its melting point 
does not appear to have been determined. When warm solutions 
of caffeine hydrochloride and auric chloride are mixed together, the 
aurochloride separates, as the solution cools, in orange needles. 

The theine was dissolved in water, the liquid strongly acidified 
with hydrochloric acid, and the warm solution mixed with aqueous 
auric chloride. The crystalline needles, which soon separated, were 
removed, and an attempt made to recrystallise them from hot water. 
This, however, did not succeed, for the hot solution deposited a 
copious, yellow precipitate, evidently not the aurochloride, which 
did not dissolve even on boiling the liquid. 

The salt was therefore crystallised from aqueous alcohol, recrystal- 
lisation being repeated until a salt, having a constant melting point, 
was obtained. The pure salt air dried, melted at 242°5° (corr.). This 
hydiated salt lost the equivalent of 2H,O when dried for several 
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hours at 100°, and the anhydrous compound melted at 248°5° (corr.). 
On analysis, this substance furnished the following data :—. 


0°1642 gram of salt gave 13-9 c.c. of nitrogen at 0° and 760 mm. 
= 10°5 per cent. , 
01458 gram of salt on ignition left 0°0544 gram of gold = 37°3 


per cent. 
Calculated for 
CyH iN, 03,HCl,AuCl,. 


Nitrogen ‘5 p. c. 10°49 p. ec. 
Gold ......4.. ; 36°77 ,, 


Similar experiments were now made with caffeine. The auro- 
chloride was formed as above described, and presented an exactly 
similar crystalline appearance. Like theine aurochloride, the aqueous 
solution gradually deposited a yellow precipitate when it was heated. 
The salt was purified by recrystallisation from aqueous alcohol until 
its melting point was constant. The pure air-dried substance melted 
at 243° (corr.), that is, at virtually the same temperature as the 
hydrated theine aurochloride. The amount of water in the salt was 
determined with the following result :— 


01658 gram of sult lost 0°0106 gram of water = 63 per cent. 
Calculated for CsHioN,O2,HCl,AuCl,,2H,0 = 6°3 ‘per cent. 


Several hours’ exposure at 100° was necessary to expel all the 
water. The anhydrous salt melted at 248°5° (corr.). Like theine 
aurochloride, the salt did not melt quite sharply, and the melting 
was evidently attended with some decomposition. No better evidence 
could be obtained as to the identity of caffeine and theine than that 
furnished by the exactly similar properties of the hydrated and 
anhydrous aurochlorides prepared from the two bases, for chemically 
isomeric bases have been shown to furnish aurochlorides of differenti 
melting point. 


Caffeine and Theine Mercurie Chlorides, C§HN,O.,HgCl,. 


Nicholson (loc. cit.) observed that caffeine combines with mercuric 
chloride to form a crystalline double salt of the formula 


C,H, N,O,, HgCl.,. 


This compound is best named caffeine mercuric chloride. As it erys- 
tallises well and is very stable, we selected it for the purpose of con- 
firming the conclusion that caffeine and theine are not isomerides. 
We have prepared this substance both from theine and from caffeine. 

A warm concentrated aqueous solution of theine was mixed with 
an equivalent quantity of mercuric chloride also dissolved in water. 


200 DUNSTAN AND SHEPHEARD 


As the mixed solutions cooled, silky needles separated in abundance. 
It was found that these readily dissolved in hot water, and that the 
aqueous solution could be boiled without any appreciable decomposi- 
tion of the compound taking place. This is remarkable, since com. 
pounds of bases with mercuric chloride usually dissociate when they 
are heated with water. After two recrystallisations from water, the 
substance was dried at 100°. 

The mass of long, silky needles bears an extraordinary resemblance 
to the parent base. The pure salt melted at 246° (corr.). Precisely 
the same compound was prepared from caffeine. The pure, dry crys- 
tals melted at 246° (corr.), and corresponded in every respect with 
the theine compound. 

The compound was aualysed by dissolving it in water and adding 
aqueous hydrogen sulphide, drop by drop, until the whole of the 
mercury had been precipitated as sulphide, only just a perceptible 
excess of hydrogen sulphide being used. The mercuric sulphide was 
collected, dried,and weighed. The filtrate was then warmed to expel 
any hydrogen sulphide, and repeatedly extracted with chloroform 
to remove the caffeine. The solution of chloroform was evaporated, 
and the residue of caffeine dried at 100° and weighed. The follow- 
ing data were obtained :— 


04864 gram of compound furnished 0°1998 gram of caffeine and 
0°2410 gram of mercuric sulphide. 


Calculated for 
CyH N40, HgCl,. 


Mercury . .C. 43°0 p.c. 
Caffeine........ ; 41°72 ,, 


It has thus been shown that caffeine and theine, as well as their 
aurochlorides and mercuric chloride compounds, exhibit identical 
properties, and there is, therefore, no chemical ground for supposing 
them to be structurally isomeric. 

The observed differences in their physiological action must be due 
either to the presence of small quantities of impurity or to differences 
in the animals used in the. experiments. We have already referred 
to the likelihood of the tirst error having been introduced, and, with 
reference to the second, we need only draw attention to extraordinary 
discrepancies in the accounts given by various pharmacologists of the 
physiological action of caffeine, which such distinguished authorities 
as Schmiedeberg and Filehne have already ascribed to the above- 
mentioned cause. 

We now proceed to describe some new gold compounds of caffeine 
which we obtained in the course of this investigation. 
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Aurochlorcaffeine, CsH,(AuCl,)N,O. 


When an aqueous solution of caffeine aurochloride is heated, a 
yellow, amorphous precipitate is gradually formed. This substance 
may also be prepared by heating together aqueous solutions of auric 
chloride and caffeine. 

The decomposition of the aurochloride by hot water was noticed by 
Nicholson (loc. cit.), but he does not appear to have examined the 
product. 

The substance has none of the properties of an uurochloride, being 
nearly, if not quite, insoluble in water, alcohol, ether, and chloroform. 
Hydrochloric acid dissolves it, reproducing the aurochloride. It 
is not very easily obtained in a pure state. The first specimens 
we examined were made by quickly heating the aqueous solution 
of the aurochloride at 100°. Prolonged heating leads to the sepa- 
ration of metallic gold. As soon as the precipitate has ceased to 
form, the liquid is filtered and the filtrate heated with more water, 
when a further quantity of precipitate is obtained. This operation 
may be repeated several times, and a series of fractions of precipitate 
obtained. The first and last fractions melted at about 220°, and con- 
tained aurochloride, whilst the intermediate fractions melted near 
207° (corr.), and, on heating these with water again, the pure sub- 
stance melting at 207° (corr.) was obtained ; its melting point was not 
changed by repeating the process of heating with water. The sub- 
stance dried at 100° is of a paler yellow than when moist. It was 
analysed in the following manner, which made it possible to deter- 
mine the gold, caffeine, and chlorine in one and the same quantity of 
material. To the substance suspended in water, aqueous hydrogen 
sulphide was added in slight excess, and the gold sulphide collected on 
a filter, washed, ignited, and the residue of gold weighed. A current 
of air was passed through the mixed washings and filtrate until the 
slight excess of hydrogen sulphide was removed. The chloride was then 
precipitated as silver chloride in the usual manner, whilst the caffeine 
was extracted from the filtrate, after the addition of excess of ammonia, 
by agitation with chloroform; the solution in chloroform was evaporated 
and the residue of caffeine dried at 100°. 

The following results were obtained with two different specimens 
of material :-— 


I. Weight of substance taken, 02714 gram; weight of gold ob- 
tained, 0°1162 gram; weight of silver chloride, 0°1656 gram. 
Il. Weight of substance, 02910 gram; weight of gold obtained, 
0°1224 gram ; weight of silver chloride, 0°1744 gram; weight 
of caffeine, 0°1204 gram. 
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Calculated for 


“CsHy(AuCl,)N,O. CyHpN02,AuCl, 
Gold 42°8 42°06 p. c. 42°60 39°47 p. c. 
Chlorine. 1507 148 ,, 15°43 21-45 
et ee aoe 42-0 39:07, 


For some time we were at a loss to know what the formula of this 
compound could be, the only form of combination of organic bases 
with auric chloride known to us, besides the ordinary aurochloride, 
being the comparatively rare form in which the base unites directly 
with auric chloride without the intervention of hydrogen chloride; 
one of us has already described such a compound of aconitine with 
auric chloride (Dunstan and Ince, Trans., 1891). The percentages 
calculated for caffeine auric chloride, which are given above, show, 
however, that the substance is not this compound. Nevertheless, we 
were aware that the substance is formed from the aurochloride by 
the splitting off of hydrogen chloride, and that it could be reconverted 
into the aurochloride by dissolution in hydrochloric acid. Eventually 
we were able to prove beyond question that the substance is derived 
from the aurochloride by the splitting off of two mol. proportions of 
hydrogen chloride, one being derived from the separation of 1 atom of 
hydrogen from the caffeine molecule with 1 atom of chlorine from the 
auric chloride, thus: C,H N,O.,HCl,AuCl, = C,H,(AuCl,)N,O, + 
2HCl. The analytical data are in agreement with this formtla, and 
the compound is, therefore, derived from caffeine by the replacement of 
one atom of hydrogen by the group or residue of gold chloride, AuC}., 
and may be named aurochlorcaffeine. We are unable to find that such 
a reaction between auric chloride and an organic base has been 
described before; no similar derivative of any of the vegetable 
alkaloids seems to have been obtained. 

An attempt was made to confirm this view of the formation of the 
compound expressed by the above equation by estimating the 
quantity of hydrogen chloride which is formed when a known weight 
of the aurochloride is heated with water. This; however, proved to 
be impossible, owing to the occurrence of reverse chemical change ; 
the liberated hydrogen chloride dissolves some of the derivative, re- 
forming the aurochloride— 


C,H,(AuCl,)N,O, + 2HCl = C,Hi»N,O.,HCl,AuC). 


The aurochloride, prepared from the aurochlorcaffeine by dissolving 
it in hydrochloric acid, was analysed, after recrystallisation from 
dilute alcohol, with the following results :— 


Weight of dried salt taken, 0°0864 gram; weight of gold obtained, 
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00321 gram ; weight of silver chloride obtained, 0°0895 gram ; 
weight of caffeine obtained, 0°0304 gram. 


Calculated for 
C,H, oN ,02,HAuCl,. 
36°77 p. c. 
Chlorine . 26°64 ,, 
Caffeine ..... 5° 36°39 _,, 


The ease with which aurochlorcaffeine is produced from the auro- 
chloride may possibly throw some light on the constitution of 
caffeine. Caffeine, being trimethylxanthone, contains only one 
“labile”? atom of hydrogen, that contained in the CH group. It 
must, therefore, be this atom of hydrogen which is eliminated as 
hydrogen chloride, so that the formula of aurochlorcaffeine may be 
written C,(CH;)(AuCl,)N,O.. Two constitutional formule have 
been assigned to caffeine, one by Medicus and the other by E. Fischer. 
So far, it has not been possible to determine with any certainty which 
of these formule is the more probable, since both are in harmony with 
the principal reactions of caffeine. 


N-CH; 
4\ 
0¢ CO 


CH,;N C-N-CH, 


Medicus. 


It may be safely assumed that in the aurochloride both the hydro- 
gen chloride and the auric chloride are attached to the doubly linked 
nitrogen atom of either of these formule. Now in Fischer’s formula 
the atom of hydrogen in the CH group is represented as separated 
from the auric chloride with which it so readily reacts, whilst in the 
formula of Medicus the two reacting groups are contiguous to each 
other. The ease with which aurocblorcaffeine is formed from the 
aurochloride would therefore seem to be better represented by the 
formula suggested by Medicus than by that proposed by Fischer. 


Caffeine Auric Chloride, CsHjN,O2,AuCls. 


Several unsuccessful attempts were made to prepare a compound 
of caffeine with auric chloride. This compound would be inter- 
mediate between caffeine aurochloride and aurochlorcaffeine, 


C.H,.N,O.,HCI,AuCl, ; C,H,,.N,0,,AuCl, ; C,H,(AuCl,)N,O;. 


Caffeine aurochloride. Caffeine auric chloride. Aurochlorcaffeine. 
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Alcoholic solutions of caffeine and auric chloride were mixed, and the 
liquid slowly evaporated. The several fractions separated in this 
way were found by repeated recrystallisation to be mixtures of 
caffeine aurochloride and aurochlorcaffeine. Other experiments were 
made in which auric chloride, purchased as pure, was dissolved in 
absolute alcohol and the liquid mixed with a solution of caffeine in 
chloroform. The crystals deposited from the mixed solutions melted 
at 242°, and exactly resembled caffeine aurochloride in appearance. 
On analysis, they furnished the following results :— 


Weight of substance taken, 0°4335 gram; weight of gold obtained, 
0°1595 gram ; weight of silver chloride, 0°4535 gram; weight of 
caffeine, 0°'1560 gram. 


Calculated for 
C,H, oN,O2,HCl,AuCls. 


36°77 p. c. 
Caffeine 35° 36°29 ,, 
Chlorine..... ; 26°64 ,, 


An examination of the “ pure” auric chloride showed that it was 
really the hydrochloride of auric chloride, the so-called chlorauric 
acid (HAuCI],,3H,O). All the commercial specimens of “auric 
chloride” examined by us were found to be either this substance or 
its potassium salt. 

For the purpose of further experiments, pure auric chloride was 
prepared by Kruss’ method of decomposing aurous chloride with 
water. When an alcoholic solution of pure auric chloride is mixed 
with a solution of caffeine in chloroform, yellow crystals are de- 
posited. When these are collected and washed with anhydrous 
alcohol, they become almost white; they are in fact resolved by 
washing into auric chloride and caffeine. If the crystals are merely 
drained from the liquid in which they were deposited and placed on 
filter paper, auric chloride is absorbed by the paper, whilst white 
crystals of caffeine remain. It may, therefore, be concluded that 
caffeine auric chloride, even if it exists at all, is so unstable as to be 
incapable of preparation by the usual methods. — 


Caffeine Potassium Aurochloride, C,HyN,O.,KCl,AuCl. 


In one series of the experiments in which we attempted to produce 
caffeine auric chloride, a strong alcoholic solution of a substance pur- 
chased as “‘ pure” auric chloride was mixed with a solution of caffeine 
in chloroform. Almost immediately the yellow liquid deposited a 
number of small, dark-red, needle-shaped crystals. After recrystal- 
lisation from a mixture of alcohol and chloroform, these melted 
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constantly at 208° (corr.). A number of different specimens, 
on analysis, furnished the following data :— 


I. Weight of salt taken, 0°2412 gram; weight of gold obtained, 
00828 gram; weight of silver chloride obtained, 0°2348 
gram. 

Il. Weight of salt taken, 0°2882 gram; weight of gold obtained, 
0-1 gram; weight of silver chloride obtained, 0°2885 gram. 

III. Weight of salt taken, 0°087 gram; weight of gold obtained, 
0°0299 gram; weight of silver chloride obtained, 0-0721 
gram. 

IV. Weight of salt taken, 0°3574 gram; weight of caffeine obtained, 
0°1178 gram; weight of salt taken, 0°4402 gram ; weight of 
potassium chloride obtained, 00585 gram. 


Found. 
A " Calculated for 
IL. III. IV. C.HyN,02,KCl, AuCls. 
Gold..... 34°7 34°3 — pc. 34°32 p. c. 
Chlorine.. 24°7 24°6 — 5 24°86 ,, 
Caffeine. . . — — 32°96 _,, 33°97 ,, 
Potassium. — — — 6°95 ,, 6°83 ,, 


It was not at first suspected that the “auric chloride” contained 
potassinm, and a number of different specimens of this red salt were 
prepared and analysed with the view of obtaining numbers corre- 
sponding with some compound or derivative of caffeine and auric 
chloride. Since no such formula could be found to agree with the 
analytical numbers, and as three concordant analyses of various 
specimens proved that we were dealing with a definite compound in 
a pure state, the “auric chloride” which had been used was ex- 
amined, and found to be potassium chloraurate, AuCl;,KCl. The 
red crystals were then tested and also found to contain potassium, the 
amount of which was estimated in the usual way. It will be seen 
that the results agree well with the formula of caffeine potassium 
aurochloride, C;H\N,O.,KCl,AuC!;; this compound may be regarded 
as caffeine aurochloride, CsH,.N,O,HCI1,AuCl;, in which the hydrogen 
of the hydrogen chloride is replaced by potassium. Consistently 
with this view of its constitution, we find the salt can be formed by 
mixing an alcoholic solution of caffeine aurochloride with exactly the 
proper quantity of potash dissolved in alcohol; on evaporation, tie 
red crystals separate. It may also be produced by acting on caffeine 
aurochloride with an alcoholic solution of normal potassium tartrate, 
and by mixing caffeine aurochloride with the proper quantity of 
potassium carbonate; the red salt is formed when the mixture is 


a 


. = — 
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rubbed in a mortar or moistened with alcohol or water, or, again, if 
it is gently heated. 

This remarkable compound, which is quite stable when dry, dis- 
solves in alcohol and water, forming yellow solutions which appear to 
contain, not the salt as such, but its constituents, the double chloride 
of gold and potassium and caffeine in the free state. The aqueous 
solution deposits a yellow precipitate of aurochlorocaffeine when it is 
heated. The salt is nearly insoluble in chloroform and ether, which, 
however, slowly remove auric chloride from it. When either of these 
liquids is added to the yellow solution in alcohol, the red salt is pre- 
cipitated. It isdoubtful whether this salt can exist at all in solution. 
In this respect the action of acetone is noteworthy. Immediately 
this liquid touches the substance, it loses its red colour and becomes 
nearly white, whilst the acetone acquires a yellow colour from the 
presence of auric chloride which it has removed from the compound, 
leaving the caffeine as a white residue. Gradually the caffeine dis- 
solves in the acetone, which, however, still remains yellow. When 
the yellow solution is evaporated, its colour does not alter, but as 
soon as the solvent has almost entirely volatilised, the red salt again 
makes its appearance. 

We are not aware that any compound of this type has been pre- 
pared before ; similar compounds of the vegetable alkaloids with the 
double potassium and auric chloride do not appear to have been 
described. 

We find that a caffeine sodium aurochloride, CsH;)N,O.NaCl,AuCh,, 
may be prepared by methods similar to those which yield the potas- 
sium compound. This salt also forms red needles, and closely 
resembles its potassium analogue. 

We are indebted to Mr. Francis H. Carr for the assistance he has 
rendered us in making some of the later experiments described in 


this paper. 


Research Laboratory of the 
Pharmaceutical Society, London. 


XII.—The Atomic Weight of Boron. 
By W. Ramsay, Ph.D., F.R.S., and Emity Aston, B.Sc. (Lond.).* 


Preliminary. 


Tue atomic weights employed in this paper are those given by 
Clarke :—Ag = 107:92, Na = 23°05, Cl = 35°45, Br = 79°95, H = 
1:008, and O = 16. 

Three estimations of the water of crystallisation in borax were 
made by Berzelius and two by Laurent. For the recalculation of the 
atomic weight of boron, Clarke, in his Constants of Natwre, combines 
these five estimations, and obtains a mean percentage of water 47°13 
+ 0°013; hence B = 10°943 + 0°023. 

Berzelius also determined the atomic weight of boron by fusing 
borax with hydrogen fluoride and sulphuric acid ; in this way he ob- 
tained B = 10°97. 

Argvedson made some experiments upon borax with calcium fluoride 
and hydrogen sulphate ; his results for the atomic weight of boron 
varied from 9°9 to 10°86, and cannot therefore be regarded as of much 
value (Ann. Phys. Chem., 2, 129). 

Dumas (Ann. Chim. Phys. [3], 55, 181) calculated the atomic 
weight of boron from experiments made by Deville (Annalen, 113, 
31, and Ann. Chim. Phys., 52, 84) upon the chloride and bromide of 
boron. Deville prepared boron chloride by the action of gaseous 
hydrogen chloride upon boron, and estimated the chlorine in the 
compound as silver chloride. From 0°6763 gram of boron chloride, 
he obtained 2°477 grams of AyCl; from this, boron chloride contained 
90°6 per cent. of chlorine, and the atomic weight of boron would be 
11°08. 

Another analysis was made of a sample of boron chloride formed 
by the action of chlorine on boron; in this case, 0°9225 gram of boron 
chloride gave 3°395 grams of silver chloride; the boron chloride 
therefore contained 91°002 per cent. of chlorine; hence B = 10°50; 
mean, B = 10°79. 

The filtrate from the first analysis was evaporated to dryness ; after 
the excess of silver had been removed, and on treating the residue 
with water, the presence of a considerable quantity of silica was ob- 


* Since beginning to write this paper, we received, through the kindness of the 
Editor, proof-sheets of Mr. J. H. Abrahall’s communication on the subject. 
As he gives a historical introduction, it is unnecessary for us to do so, except to 
supplement it by a few additions. 
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served, showing that, along with boron chloride, silicon chloride had 
also been formed by the action of the hydrogen chloride on the glass. 

Clarke reduces the weighings to a common standard, and finds that 
100 parts of silver chloride correspond to 27°303 and 27°187 parts of 
boron chloride ; mean, 27°245 + 0°039; hence B = 10°808 + 0°174. 

In the case of the bromide, 2°446 grams of boron bromide gave 
5°496 grams of silver bromide; boron bromide, therefore, contains 
95°66 per cent. bromine. 

Clarke, including the probable error of bromine, calculates from 
this experiment that B = 10964 + 0°364. He combines the three 
values thus :— 

B = 10°943 + 0:023 
B = 10°808 + 0°174 
B = 10°964 + 0°364 


Abrahall’s Results. 


When this research was commenced in November, 1891, we were 
unaware that any later attempts had been made to determine the 
atomic weight of boron; it was not till April, 1892, that the work of 
the late J. L. Hoskyns Abrahall came under our notive in the pre- 
liminary account published in the Chemical News, 65, 215. His work 
has now been published in this Journal, 1892, 61,650. A redetermina- 
tion of the atoinic weight was made from the water of crystallisation 
in borax, but the experiments were only regarded as preliminary ; the 
number obtained for the atomic weight varied from 10°554 to 10°843. 
Since the crystals of borax were allowed to stand in a vacuum 
over anhydrous borax for a week, there can be little doubt that 
slight efflorescence had taken place. It is shown later in this paper 
that borax exposed to the atmosphere effloresces during dry weather, 
and, if placed in a desiccator over sulphuric acid, loss of water to 
a very large extent occurs. 

Abrahall’s final determination of the atomic weight of borax was 
made by estimating the amount of silver necessary to precipitate 
the bromine in a given weight of boron bromide; and from these 
experiments he found the atomic weight of boron to be 10°825, a 
number lower than that given by previous observers, and lower 
than that obtained by us, namely, 10°966. 

This discrepancy may be accounted for, in our opinion, by one or 
more of the following considerations :— 

It is extremely probable that the boron bromide employed by 
Abrahall was not absolutely free from hydrobromic acid, for, as the 
editors of his paper state, the boron was not anhydrous, and some 
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hydrobromic acid must have been formed during the preparation 
of the boron bromide. Hydrogen bromide is not absorbed by mer- 
cury, so that it would not be eliminated by leaving the boron bromide 
over mercury. It is extremely probable that small quantities of a 
double bromide of hydrogen and boron would be formed, analogous 
to the double fluoride of hydrogen and boron, HF,BF;, or to 
the double fluoride of hydrogen and silicon, SiF,2HF, or to the 
hypothetical double chloride of hydrogen and aluminium, the form- 
ation and instability of which explain the use of this substance in 
organic synthesis. The constancy of Abrahall’s results is likely to 
be due to the double bromide distilling in definite amount with the 
boron bromide, just as an acid of detinite strength is obtained by dis- 
tilling a solution of hydrogen chloride in water. The presence of 
hydrogen bromide in the boron bromide would lower the atomic weight 
sought ; the presence of less than 2 per cent. of hydrogen bromide 
would lower it by more than 0°141, the difference between the number 
obtained by Mr. Abrahall and by us. 

Stas, in a paper published in 1871 in the Comptes rendus, 73, 998, 
states that there is great difficulty in determining the end-point of the 
reaction with silver nitrate and sodium chloride in the method sug- 
gested by Gay-Lussac for silver assays; but, if sodium bromide or 
iodide is used instead of the chloride, no difficulty is found, for the 
end-point is distinct, and the use of bromide or iodide is therefore 
preferable for assays. Abrahall, on the other hand, found the deter- 
mination of the end-point very difficult, and this may have led to 
turther uncertainty. 

The use of boron bromide for the basis of the atomic weight de- 
termination has the disadvantage of the great difference between the 
atomic weights of boron and bromiae, so that, as stated by the editors 
of Abrahall’s memoir, a given percentage error in the ratio of boron 
bromide to silver produces a relative error 23 times as large in the 
atomic weight sought. 


Weighings. 


The balance used in our experiments was made by Oertling. The 
temperature of the air in the balance case and the barometric pres- 
sure were observed for each weighing. The air in the balance case 
was kept dry by means of calcium chloride, which was frequently 
changed. The weights used were some made by Westphal; their 
errors were carefully determined before the commencement of the 
experiments ; one of the 10-gram weights was taken as a standard. 
All weighings were reduced to a vacuum standard by calculation 
from the specific gravities of the substances and weights involved ; 
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the fractions of a gram were calculated as brass, and not as’ plati- 
num. The following numbers were taken for the specific gravities :— 
8:45 (specially determined) 
1°62 
2-29 (specially determined): 
Sodium chloride .... 
Silver chloride 


The specific gravity of the fused borax was determined by weigh- 
ing it in air and then in chloroform, the density of which had been 
determined in the ordinary way by comparison with an equal volume 
of water, The specific gravity of the weights was determined by 
weighing the 50-gram weight in air and then in water. The usual 
method of weighing by vibrations was adopted. 


Methods and Materials employed. 


The methods we adopted to determine the atomic weight of boron 
were two in number :— 

1. A preliminary redetermination of the water of crystallisation in 
borax. 

2. Conversion of anhydrous sodium borate into sodium chloride by 
distillation of vitreous borax with hydrochloric acid and methyl alco- 
hol, and weighing the sodium chloride produced. 

The materials used consisted of pure borax, pare hydrochloric acid, 
and pure methy! alcohol. 

Boraz.—This was made by gradually adding to a solution of pure 
soda in hot water, contained in a platinum vessel, a slight excess of 
pure boric acid. The boric acid had been previously tested for sulph- 
uric acid, and was found to be entirely free from it, and it volati- 
lised with alcohol, leaving no residue. The solution of borax was 
filtered and allowed to crystallise. The mother liquor was removed 
and the crystals washed and drained by means of the water-pump, 
then redissolved in water, kept hot on a water-bath for some time, 
and left to crystallise; the crystals obtained were powdered, washed, 
and drained by the pump. This process was repeated; the powdered 
crystals were washed about 10 times with cold water, drained by the 
pump, then pressed in a filter-press, and left to dry in the air, the 
possibility of dust gaining access to them being carefully avoided. 
The borax was kept in a linen bag in order to test for efflorescence. 

Pure Hydrochloric acid.—This was prepared by passing gaseous 
hydrogen chloride into water; the gaseous hydrogen chloride was 
obtained by boiling pure concentrated hydrochloric acid in a retort, 
with the neck inclined upwards so that no liquid could pass over, and 
collecting the gas given off in water. On evaporation, 50 c.c. left a 
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scarcely visible and quite unweighable residue. Since not more than 
25 v.c. at the most would be required in the experiments, it was 
thonght that the weight of this residue might be neglected. 

Methyl alcohol.—A specimen of the alcohol, free from acetone, was 
redistilled, and, on evaporation, left no seubling. 


Method I.—Determination of the Water of Crystallisation in Boraz, 
Na,B,0;,10H,0. 


A weighed quantity of borax was placed in a platinum dish, and 
dried in an air-bath at a temperature of 95—98° for some time, till 
no more bubbles were observed. The temperature was then gradually 
raised to about 350° ; the borax intumesced considerably, and in some 
cases loss occurred by spirting ; the platinum dish was then removed 
from the air-bath, heated over a blow-pipe till the borax fused, 
allowed to cool, and weighed. In one or two cases, fuming was 
observed as if decomposition of the borax were taking place, but 
these were not included amongst the experiments from which the 
atomic weight was calculated. 

The borax was exposed to the air on November 23; the date of 
each experiment is given in Table I, so that the time of exposure is 
known; the weather was more or less damp all the time, so that 
much efflorescence did not occur; but when the weather is dry, 
efflorescence takes place fairly quickly. Some borax was exposed 
for a fortnight in May during dry weather; an analysis gave 463027 
per cent. of water instead of 47°10. Additional evidence that this 
method is inapplicable to the determination of the atomic weight of - 
boron is given by the loss of water which borax undergoes when 
dried over sulphuric acid. Some ordinary recrystallised borax was 
placed in a desiccator over sulphuric acid, and portions analysed 
from time to iime. The borax, on January 26, lost (a) 47°08 and (6) 
47-05 per cent. before being placed in the desiccator. On February 
2, the loss was 47:00 per cent. ; on February 18, it decreased to 44°39 
per cent.; on March 31, it was 35°75 per cent.; and on July 8, only 
20°73 per cent.; showing that the borax had again given up a good 
deal of its water. 

Two observations were made of the action on borax of prolonged 
heating over a Bunsen burner, but the weight remained unaltered. 


Weight of crucible and borax fused over a bunsen.. 6°4980 
1. Weight of crucible and borax fused over a bunsen, 
and heated to bright redness for half an hour... 6°4980 
' 2. Weight of crucible and fused borax.............. 10°0247 
Weight of crucible and fused borax heated to bright 
redness for half an hour 
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Taste I. 


Weight . Wat 
of crystalline oie lost 
borax. — raX- | per cent. 


10 -3581602 5 °4784357 47 1099 
2 °8246677 47 *1433 
2 °6378934 47 * 2026 
3 0101127 47 *1912 
. 47 1882 
11 . . 47 *1865 
ee 12 ‘ 47 +1524 | 
Aggregate ‘ 22 *1631808 47 *1633 | 


OID NG 


Mean atomic weight of boron, 10°921. 
Probable error, + 0°010. 


Method II,—Distillation with Hydrochloric acid and Methyl alcohol. 


This method is one which has been successfully employed in the 
quantitative estimation of boric acid; it is, in fact, a modification of 
that employed by Schweizer for the estimation of borax. He dis- 
solved a known weight of borax in water, added hydrochloric acid in 
excess, and evaporated on a water-bath ; more hydrochloric acid was 
added towards the end of the operation, and the residue kept on the 
water-bath till no more hydrogen chloride came off. The chlorine in 
the residue was then estimated. 

Onr plan consisted in dissolving a known quantity of anhydrous 
borax in a small amount of water; adding methyl alcohol and an 
excess of hydrochloric acid, then distilling on a water-bath with methyl 
alcohol till boric acid could not be detected in the distillate with the 
flame test; when this point was reached, a little more hydrochloric 
acid was added, and distillation was repeated four or five times after 
any boric acid had been detected ; the last time of distilling, as much 
of the liquid as possible was driven over. The flask was then put in 
an air-bath, and, after being heated for some hours at 90—110° ina 
constant slow current of air, the temperature was raised to about 350° 
for two or three hours, as the sodium chloride could not be thoroughly 
dried at the lower temperature ; after cooling and standing for some 
time in the balance case, the flask was weighed. The amount of sodium 
chloride formed from the borax was thus obtained ; the sodium present 
in it was calculated ; from this amount of sodium, the borax correspond- 
ing to two atomic proportions, or 46°1 grams of sodium was found ; 
this number, less Na,0;, gave B,, and hence the atomic weight of 
boron. 


THE ATOMIC WEIGHT OF BORON. 213 


In the first series of experiments, a flask of ordinary soft glass was 
used of about 100 c.c. capacity; it was furnished with a side tube 
like an ordinary distilling flask, but the neck was fitted with a hollow 
ground glass stopper, into which a tube was sealed, which passed 
down into the flask, and the upper part of which was furnished with 
a stop-cock, so that alcohol could be added withuut opening the flask ; 
it also served for the passage of a current of air during drying. The 
results obtained were not very concordant, for the flask was attacked 
during the distillation; on dissolving the salt in water, a consider- 
able residue of silica was left, so oxygen in the alkali had been 
replaced by chlorine, and the weight of the flask increased. How- 
ever, the mean of these results is not very far from that obtained in 
the next series. 

The two probable sources of error, besides action on the flask, are 
an incomplete conversion of sodium borate into sodium chloride, and 
possible loss by spurting. It was thought that the former might be 
avoided by the use of an excess of hydrochloric acid, and that spirt- 
ing would be hindered by the shape of the flask. In one experiment, 
a bulb plugged with glass wool was attached to the distilling tube, so 
that any salt carried over as spray would be stopped ; when the dis- 
tillation was finished, the bulb was washed out with water several 
times, the solution filtered and evaporated to dryness; no residue 
was left, proving that no sodium chloride had been carried over with 
the alcohol vaponr. 

The results of these experiments are given in Table IT. 


TaeLe I1.—Distillation Series I. 


if Atomic weight 
Weight of Na.B,O;. Weight of NaCl. of bevén. 


4°7684431 2 *7597665 11 015 
5 -2740318 . 8°0578213 10 *925 
3 °2344088 1°8727203 10-992 
4 0861923 2 3713122 10 ‘879 
3 °4970297 - 270265645 10 °949 
20 °8601057 12 0881848 10 “951 


Mean atomic weight of boron, 10°952. 
Probable error, + 0°010. 


To avoid any error caused by the attack of the soft glass flask, we 
then tried a flask of pure silver, but it was attacked to a considerable 
extent by the hydrochloric acid, for, on washing out the flask, a good 
deal of silver chloride was found, and the weight of the supposed 
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pure salt was considerably augmented. ‘T'o convert the loss of weight 
of the flask into silver chloride, and deduct this from the weight found 
for the salt, did not seem accurate enough for an atomic weight de- 
termination, especially as in the second experiment the substance 
insoluble in water was more like silver oxide than chloride in ap- 
pearance. The use of the silver flask was therefore abandoned. 

The second series of distillations were conducted in flasks made of 
combustion tubing. One of the flasks was boiled with hydrochloric acid 
for some hours, and underwent no alteration in weight; it was, how- 
ever, found that during distillation with hydrochloric acid and alcohol, 
the flasks were slightly attacked, for on extracting the sodium chlor- 
ide with water, a slight insoluble residue of silica was left. In one 
case this insoluble residue was collected on a filter, dried, ignited, and 
weighed ; the weight corresponded within 0°15 milligram to the loss in 
weight of the flask. 

The flasks were of about 100 c.c. capacity, and with rather long 
necks; owing to the difficulty in working combustion tubing, the 
flasks were not provided with the ordinary side tubes for distilling, 
but a cap of wider tubing fitted over the neck of the flask, and this 
had a narrow tube attached. Loss of sodium chloride by spurt- 
ing was guarded against by keeping the flask inclined, so that 
the spray was projected against the upper side of the flask, and 
only the vapour passed up the neck. The rate of ebullition was 
regalated, so that no bumping occurred; it was found that the 
boric acid volatilised more readily when the distillation pro- 
ceeded with fair rapidity. The method of procedure was exactly the 
same as in the first series, distillation being repeated four times after 
the last detection of boric acid, and the drying conducted as before. 
In order to check the results, the salt, after weighing, was dissolved 
in water and the flask washed out till no trace of chloride could be 
detected in the liquid; the solution was filtered to remove the small 
insoluble residue, and an estimation of the chlorine made in the or- 
dinary way with silver nitrate. The silver chloride was collected on 
a Gooch’s filter and dried in an air-bath, the temperature of which 
was ultimately raised to 200°. In every case the results obtained 
were a little low for pure salt, but agreed very closely among them- 
selves. The solubility of silver chloride in water is so slight that it 
would hardly account for the discrepancy, and if the error is due to 
the presence of sodiam borate which has not been transformed into 
salt, it seems remarkable that the results should be so concordant. 

If the atomic weight of boron is calculated from the chlorine deter- 
mination, it becomes rather higher, with a mean of 11-052. 

W hen silver is used in atomic weight determinations, the greatest 
care is taken to obtain it absolutely pure; we employed the ordinary 
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silver nitrate supplied as ‘“ pure,” so it is probable that the atomic 
weight determined from the distillations is more correct. 

Whichever is regarded as the more probable determination, it is 
higher than that obtained by Abrahall, and much nearer to an 
integer. 

The results of these distillations are given in Table IJI; the silver 
determinations are inserted for the sake of completeness. The 
theoretical percentage of chlorine in sodium chloride is 60°598, 
taking Clarke’s atomic weights. 


TasLe I[].—Distillation Series II. 


Weight Weight Eig : 
of fused borax, of sodium chloride, ven wa 


Expt. No. 
Na,B,O; NaCl, 


4 °7805583 2 °7700458 10 “955 
4 °9907395 2 *8929844, 10 936 
4 °7231225 2 °7360411 10 ‘968 
3 °3137921 1 9187258 10 992 
23 *1200199 13 *3939152 10 ‘965 


| 5 *3118075 3 ‘0761181 10 *983 


Mean atomic weight of boron, 10-966. 
Probable error, + 0°005. 


Weight Chlorine Atomic weight 
of silver chloride, per cent. in of boron 
AgCl. | sodium chloride. from chlorine. 


7 *525869 60 493 11 ‘071 
6 °7794186 60 515 11 °024 
7 ‘0801317 60 516 11-003 
6 *6960242 60 514 11 °039 
4 °6931271 60 *479 11 091 
32 -7748706 60 *505 11 °084 


Mean atomic weight of boron, 11°052. 
Probable error, + 0°010. 


The probable sources of error in these experiments are the follow- 
ing :— 

i. Impurities in the Boraz.—It is not likely that any impurity was 
present, for pure soda made from sodium was used, and pure boric 
acid, which was entirely volatile witli alcohol, and gave no reaction 
for sulphuric acid. If any decomposition took place on fusing, so 
that the sodium borate contained a small amount of sodium oxide, 
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the weight of the supposed pure sodium borate would be too great, and 
therefore the atomic weight found would be too high. 

ii. Attack of the Glass Flask on Boiling with Hydrochloric acid and 
Alcohol.—This occurred to some extent in the series of experiments 
performed in the soft glass flask, but the hard glass was acted on to 
a very small extent, The presence of silica in the liquid, when the 
flask was washed out with water after the sodium chloride had been 
weighed, points to the displacement of oxygen by chlorine in sodium 
silicate, silica and sodium chloride being obtained. There would 
thus be an increase in weight in the flask, and the weight of the salt 
would be too great, being found by deducting the original weight of 
the flask ; this would cause the atomic weight to be too low. 

iii. Loss by Spurting.—It is not likely that this took place, because 
of the precautions observed, but if loss did occur, it would make the 
atomic weight too high. 

iv. Incomplete Conversion of the Sodium Borate into Sodium Chloride. 
—Since the percentage of chlorine in the sodium chloride deduced 
from the determination of the chlorine by means of silver nitrate was 
rather low, it is not improbable that the conversion was not quite 
complete. The supposed pure sodium chloride would weigh rather 
too much, an¢ the atomic weight found would be too low. In the 
case of the aggregate results in Table III, if the salt is determined 
from the weight of silver chloride, it is 13-3733 grams, that is, a less 
weight by 0°0206 gram than that obtained from direct weighing of 
the sodium chloride. If this is regarded as the weight of undecom- 
posed borax, and subtracted from the total weight of borax taken, it 
gives the amount of borax which takes part in the reaction; the 
atomic weight thus becomes B = 10°997. 

From these results it appears that the atomic weight of boron is 
very nearly 11, and not far from that obtained in the older deter- 
minations, but higher that that obtained by Mr. Abrahall. 

The silver chloride which we obtained from the salt was soluble in 
ammonia, and did not give a blue solution, so no copper could have 
been present as an impurity. 

Boron nitride, BN, is a definite, very stable substance, and we 
tried, but without success, to use it in this atomic weight determina- 
tion. An intimate mixture of pure crystallised boric acid and pure 
ammonium chloride was heated to bright redness in a platinum 
crucible, but some boric acid volatilised with the water given off 
in the reaction, so that this method did not give a quantitative yield 
of boron nitride. Another attempt was made with previously fused 
boric anh ydride and ammonium chloride, but probably decomposition 
of part of the boron nitride formed was caused by the water pro- 
duced during the reaction, for loss of weight took place further than 
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would give the atomic weight of boron anywhere near 1l. A trial 
was made by heating the mixture over a Bunsen flame, but the tem- 
perature was insufficient to do more than volatilise the ammonium 
chloride, and fuse the boric anhydride. It appears to be an extremely 
dificult matter to obtain pure boron nitride; it is nearly always 
rendered impure by boric acid, which clings to it most tenaciously, 
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XIII.—Resolution of Methoxysuccinic acid into its Optically Active 
Components. 


By T. Porpre, Ph.D., B.Sc., Assoc. R.S.M., and W. Marsnatt, B.Se. 


Tue hypothesis advanced by Van’t Hoff and Le Bel, in explanation of 
the phenomena of isomerism exhibited by optically active compounds, 
has found such striking confirmation in many different directions 
that it has attained to a prominent place in recent chemical theory, 
It is nevertheless true that of the numerous known inactive com- 
pounds containing asymmetric carbon atoms, comparatively few have 
as yet been resolved into their optically active components. Every 
additional instance of the resolution of such compounds is of interest, 
and we thought it worth while, therefore, to try if the inactive 
alkyloxysuccinic acids, which are produced by the addition of alcohols 
to fumaric or maleic acids, could be split up into their active com- 
ponents. 

These acids possess a certain degree of interest on account of their 
relations to inactive malic acid, in respect both of constitution and 
mode of formation, and it seemed to us that a comparison of the 
rotatory power of the active alkyloxysuccinic acids and of ordinary 
malic acid might afford material for the study of the relations of 
optical activity to the nature of the radicles which are united to 
the asymmetric carbon atom. The subject referred to has been 
brought into prominence by Guye’s theory and the experimental 
proofs which he has recently put forward in support of it (Ann. Chim. 
Phys. [6], 25, 145), and also by a suggestive paper communicated by 
Cram Brown to the Royal Society of Edinburgh (Proc. Roy. Soc. 
Edin., 17, 181) almost simultaneously with M. Guye’s first publica- 
tion on the subject. 

The present paper deals with the resolution of inactive methoxy- 
succinic acid; other alkyloxysuccinic acids will form the subject of 
later communications. 
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The acid used in our experiments was made from methyl fumarate by 
methods previously described (Trans., 1885, 47, 856 ; 1891, 59, 468). 
Instead of preparing the acid, however, as formerly, from the calcium 
salt, we found it better to precipitate it as lead salt by adding lead 
nitrate to the neutralised solution resulting from the hydrolysis of 
methyl methoxysuccinate. The acid is easily got from the lead 
salt by decomposition with sulphuretted hydrogen in the usual 
manner; as thus obtained, it had a melting point of 108°, instead of 
101—103°, as previously given. The substance was optically inactive; 
5 per cent. and 20 per cent. solutions, when examined by the polari- 
meter in a 200 mm. tube, showed no rotation. We found that the 
acid could be resolved into two oppositely active isomerides by means 
of the acid salt of cinchonine, the acid cinchonine salt of dextro- 
gyrate methoxysuccinic acid being less soluble in water and more 
easily crystallisable than the corresponding salt of the levogyrate 
acid. 

When cinchonine is dissolved in a slightly warmed 10 per cent. 
aqueous solution of methoxysuccinic acid in the proportion of 1 mol. 
of the alkaloid to 1 mol. of the acid, it forms a rather viscid but only 
slightly-coloured solution, which, on standing in « desiccator, slowly 
deposits a crystalline acid salt. The mother liquor, on being concen- 
trated by spontaneous evaporation or with the aid of the water-bath, 
becomes a dark-coloured, viscous gum which refuses to crystallise 
further. The mode of crystallisation of the deposited salt varied con- 
siderably in different experiments, the substance separating in some 
cases in the form of floating tufts of radiating needles, and in other 
cases as a granular incrustation on the bottom of the vessel. ‘The 
proportion of crystallisable salt also showed considerable variation ; 
thus, in two experiments, in each of which 50 grams of acid and 993 
grams of cinchonine were used, 54 grams and 41 grams respec- 
tively of the salt were obtained. An estimation of nitrogen in the 
substance, after it had been slightly washed with cold water and 
dried in a vacuum, showed it to be an acid salt of cinchonine. 


0°3735 gram of substance gave 20°1 c.c. N at 14° and 750 mm. 
Calculated for 
C;H;,0;,C;,H2N.0. Found. 
Nitrogen 6°33 
The salt melted at 171—173°, and showed the following specific 


rotation :— 
a[17°) = +13°63; 1 = 220 mm.; ¢ = 4; hence 


_ 13°63 x 100 _ p- 
[2]p = i = +1549". 
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Other preparations of the salt gave the numbers 153°68°, 153°89°, 
156°62°. 

Recrystallisation of the substance did not materially affect either 
the melting point or the specific rotation. From this fact, and 
also because in our first experiments, the amount of the crystalline 
salt obtained invariably fell far short of the half of the total 
weight of acid and alkaloid used, we concluded that the cinchonine 
salt of the levogyrate acid was incapable of crystallisation, and 
that the crystalline substance was the pure salt of the dextrogyrate 
acid. Subsequent experience proved that this was not the case. 
Thus, in the following experiment, which gave conditions most 
favourable for the separation of the cinchonine salts, the crystal- 
line salt obtained in the first instance amounted to more than half the 
total weight of acid and alkaloid used: 51°5 grams methoxysuccinic 
acid were dissolved in 150 c.c. water, and in this 102 grams finely- 
powdered cinchonine were dissolved with the aid of a gentle heat. 
After five days, the crystalline deposit which had formed was 
separated by filtration from the uncrystallisable syrupy mother liquor, 
and was found to weigh 82°5 grams in the air-dried condition. After 
recrystallising twice from 30 c.c.. water, the yield of salt, dried at 
100°, amounted to 59°5 grams. We found that, even after several 
recrystallisations of the cinchonine salt, the separation of the active 
acids was only partial, the metallic salts obtained after removal of the 
cinchonine being in every case mixtures of active salt with more or 
less of inactive salt, from which the latter had to be eliminated by pre- 
cipitation or fractional crystallisation. 


First Series of Experiments. 


In our first experiments, the method adopted for the separation of 
the active acids was as follows: the crystallised cinchonine salt 
having been filtered off from the mother liquor, and freed from adher- 
ing syrup by washing with a little cold water, was dissolved in water 
and decomposed with ammonia. As the best way of obtaining 
inactive methoxysuccinic acid from its soluble salts is by precipita- 
tion of the lead salt and decomposition of the latter with sulphuretted 
hydrogen, we thought the same method would answer for the active 
acids; we found, however, that it was inapplicable, as we could not 
effect the precipitation of the lead salt of these acids. The ammo- 
nium salt was therefore converted into the calcium salt by adding 
calcium chloride to the neutral solution, and boiling. The substance 
formed a heavy, crystalline precipitate, very like inactive calcium 
methoxysuccinate. It was precipitated in two fractions. Aun esti- 
mation of calcium in the precipitate gave the following result :— 
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0°7785 gram of the salt, dried at 100°, yielded 0°4185 gram CaCO,,. 


Calculated for 
C;H,0;Ca. Found. 


Ca. crccccccces 21°51 21°50 


The two fractions of the salt were separately decomposed by treat- 
ment with the calculated quantities of sulphuric acid, and the meth- 
oxysuccinic acid was extracted with alcohol from the residues left on 
evaporating the filtered liquids. As the syrupy acid crystallised very 
imperfectly, it was converted into the acid potassium salt, which was 
fractionally crystallised until two successive fractions showed nearly 
the same specific rotations. 

The uncrystallisable portion of the cinchonine salt was treated in 
the same way as the crystalline salt, the only difference being that 
the solution of the ammonium salt procured from it had to be de- 
colorised with animal churcoal. 

The following are some of the polarimetric observations made on 
the different products; the tube used was in each case 220 mm. 
long :—The solution of the ammonium salt obtained from the crys- 
talline cinchonine salt was dextrogyrate, that from the uncrystal- 
lisable mother liquor was levogyrate; thus, in an experiment in 
which 50 grams of methoxysuccinic acid was used, the ammonium 
salt solution obtained from 54 grams of the crystals, when concen- 
trated to 150 c.c., gave a rotation of +10°5°, whilst the corresponding 
solution from the uncrystallisable portion of the cinchonine salt 
gave a rotation of —4°83°. The latter solution, owing to its colour, 
had to be examined in a more dilute state than the former ; hence the 
difference in the amount of the rotation. 

The dextro- and levo-gyrate ammonium salts gave dextro- and 
levo-gyrate acids respectively, but the acid from the first fraction 
of the precipitated calcium salt was less active than that obtained 
from the second fraction, showing that the solubility of the active 
salt was greater than that of the inactive. Thus, solutions of dextro- 
gyrate acid of similar concentration obtained from the first and 
second fractions of calcium salt gave the rotations +5°50° and 
+7°05° respectively. It was to be expected that the acid from 
the uncrystallisable cinchonine salt would contain a larger proportion 
of inactive acid than that from the crystals, and this proved to be the 
case. The solutions of levogyrate acid of similar concentration to 
the above obtained from the first and second fractions of calcium 
salt gave the rotations —1:58° and —6°50° respectively. The acid 
from the less soluble calcium salt crystallised readily, like the inactive 
acid; the more active acid formed a syrup which crystallised very 
imperfectly. 
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On examining the ammonium salt solutions from which the calcium 
salts had been precipitated, we found that they were still optically 
active, but that their activity hed in each case been reversed. After 
removing the excess of calcium chloride by treating the residue left 
on evaporation with alcohol, and removing the calcium from the salt 
constituting the residue insoluble in alcohol by addition of ammonium 
carbonate solution, the activity of ‘the solutions was again reversed, 
that is to say, they became again active in the same sense as the 
original ammonium salts. It appeared, therefore, that although the 
inactive calcium salt is precipitated almost quantitatively, as was 
proved by other experiments when a solution of the ammonium salt 
was treated with calcium chloride and boiled, a solution of active 
ammonium salt on similar treatment retains a considerable amount 
of active calcium salt in solution, and that the activity of the calcium 
salt is in the opposite sense to that of the ammonium salt. We found 
afterwards that this was the case. 

The dextro- and levo-gyrate acids yielded dextro- and levo-gyrate 
acid potassium salts respectively. The first crops of the crystals of 
this salt which were deposited were only feebly active, and in the case 
of the levogyrate salt in one experiment quite inactive; the more 
soluble portion of the salts was much more active. By several crys- 
tallisations, fractions were obtained which showed the specific rota- 


tions [@]}p = +23°18° and [a]p = —21°70°, the concentration in each 
case being 4 grams in 100 c.c.; there was but little change of activity 
after recrystallisation. 

Analyses of the active salts, dried at 100°, gave the following 
results :— 


I. 0°3793 gram of substance gave 0°4051 gram CO,, 0°1332 gram 
H,0, and 0°1403 gram K,CQ,. 
IT. 0°5055 gram of substance gave 0°2365 gram K,SQ,. 
IIT. 0:3925 gram of substance gave 0°4164 gram CO,, 0°1340 gram 
H,0, and 0°1462 gram K,CO,. 
IV. 06325 gram of substance gave 0°3020 gram K,SQ,. 


Found. 
Calculated for cr A ~ 
I IL. ITI. IV. 


3234 — 3216 — 
BB. 2600535 ED ole 
20:93 21:00 21:08 21-44 


Analyses I and 1I were made on the dextrogyrate salt; III and 
IV, on the levogyrate salt. 
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Estimations of the solubilities in water of the active and inactive 
salts at 16° gave the following results :— 


I. 8:0810 grams of solution of the dextrogyrate salt left, on evapo- 
ration, 1-0140 grams salt. 
II. 9°6020 grams of solution of the levogyrate salt left, on evapo- 
ration, 1°1700 grams salt, 
III. 10°8298 grams of solution of the inactive salt left, on evapora- 
tion, 0°3155 gram salt, 


The solubilities of the salts at 16°, therefore, are :— 


Dextrogyrate salt ' 1435 : 100 
Levogyrate salt 13°88 : 100 
Inactive salt 3°00 : 100 


The somewhat smaller number found for the levogyrate salt, as 
compared with that found for the dextrogyrate salt, is in accordance 
with the specific rotations quoted above, which indicated that the 
former had not been entirely freed from inactive salt. 

The active salts being more than four times as soluble as the in- 
active salt, the inactive salt should be precipitated on mixing solu- 
tions of the two of suitable strength, The following experiment 
showed that this was the case:—0°5 gram each of the dextrogyrate 
and levogyrate salts, whose rotations are given above, were separately 
dissolved in 5 c.c. of water at the ordinary temperature and then 
mixed; the solution became turbid almost instantaneously, and in a 
few minutes a heavy, crystalline precipitate of the inactive salt was 
thrown down. A solution of the precipitated salt of the same concen- 
tration as gave in the case of the dextrogyrate salt a rotation of 
+2°04° gave a rotation of only +0-09°, and the solubility of the 
substance was found to be almost the same as that of the salt made 
directly from the inactive acid. Thus, 10°7062 grams of a solution 
of the substance saturated at 16° left, on evaporation, 0°3447 gram 
salt. The solubility, therefore, is 3°33 : 100.. 


Second Series of Experiments. 


In order to obtain the active acids and their salts in a .state of 
greater purity for the purpose of determining their specific rotations 
more exactly, we undertook a second series of experiments, in which 
the process of separation was somewhat modified. In these, the pre- 
cipitation of the calcium salts was avoided, as we had found that in 
this process a considerable proportion of the active substance was 
left in solution, and could not be easily recovered. 
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Dextromethorysuccinic acid. 


59°5 grams of the crystalline cinchonine salt obtained from 51-5 
grams of inactive methoxysuccinic acid by the method already men- 
tioned was dissolved in u litre of water, and a solution of barium 
hydroxide added to the hot solution until it was distinctly alkaline ; 
the filtrate from the precipitated cinchonine was freed from excess of 
barium hydroxide by treatment with carbon dioxide. As previous 
experiment had shown that the inactive barium methoxysuccinate 
was less soluble in cold water than the corresponding active salt, the 
solution was evaporated until it deposited a considerable proportion 
of the barium salt on cooling ; this was found to be chiefly inactive 
salt, A solution of it made up to 250 c.c. gave a rotation of only 
—0°08, and the acid obtained from it by decomposition with the 
calculated quantity of sulphuric acid crystallised exactly like inactive 
methoxysuccinic acid. The solution of the more soluble part of the 
barium salt, on the other hand, gave a rotation —1‘79° under the 
same conditions, An estimation of barium having been made in an 
aliquot part of the solution, the main portion was decomposed with 
rather less than the calculated quantity of sulphuric acid, and the 
liberated acid was obtained by evaporating the filtered liquid to dry- 
ness and boiling the residue with ether. The ethereal solution on 
evaporation yielded a syrup which on standing crystallised in trans- - 
parent, radial prisms. 

The acid being too highly coloured for exact polarimetric observa- 
tions, was converted into the acid potassium salt, from which the 
colouring matter was readily removed by alcohol. 

Hydrogen Potassium Deaxtromethoxysuccinate.—-The salt, which 
weighed 15°4 grams, dried at 100°, was crystallised fractionally, and 
specific rotations of the different fractions were taken. The details of 
some of our observations are given below. Determinations I and II 
were performed on the recrystallised second crop of crystals, III on 
the third crop of crystals, and, as the results differ but little from 
each other, we conclude that the substance was practically pure. 

I. a[ 185°] = +2:07°; 2 = 220 mm.; ¢c = 40100; hence 
2°07 x 100 AR? 
[2]o = 55-—ao100 = +234". 
II, 2f18°] = +417°; 1 = 220 mm.; p = 78737; d 18°/4° = 


pes ul 417 x 100 SP odod: 
1:0351; hence [a]p = 59x 78737 x 10851 = +23°26°. 


III. a[19°] = +2°07°; 1 = 220 mm.; ¢ = 40132; hence 
| _ 207 x 100 _ —_ 
[¢]> = 2 x 40132 +23°45°. 
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Determinations I and II show that change of concentration within 
the limits indicated has not much effect on the specific rotation. 

The active salt, like the inactive, is anhydrous; it is deposited 
from solution, however, in a more minutely crystalline form, and, as 
already stated, is much more soluble in water. 

Dextromethoxysuccinic acid.—12°3 grams of the acid potassium salt 
having a specific rotation of about +23°4° were decomposed with 
somewhat less than the calculated quantity of sulphuric acid, and 
the methoxysuccinic acid was obtained from the solution as already 
described in the case of the barium salt. About 8 grams of the acid 
was obtained; this was dissolved in water, recrystallised, and then 
subjected to analysis. . 

0°2367 gram of substance, dried in a vacuum, gave 0°3515 gram 

CO, and 0°1184 gram H,0. 


Calculated for 


Determinations of the specific rotation were made with the follow- 
ing results :— 


I. 2[18°] = +821°; 7 = 220 mm.; p = 10°8408; d 18°/4° = 


oJ, a 8-21 x 100 I i 
10839; hence [@]n = 5508408 x Toss9 — +3370". 


II. a[18°] = +4:06°; 1 = 220 mm.; p = 54989; d 18°/4° = 
4°06 x 100 —_— 
Fax saoao x Toisg = T390*: 


1:0159 ; hence [a]p = 


The specific rotation alters little for change of concentration within 
the limits of our experiments. 

The active acid differs from the inactive by crystallising in groups 
of more distinct radiating prisms. The melting point of the former 
is 88—90°, that of the latter 108°. 

Normal Potassium Deatromethoxysuccinate——A solution of the salt 
was prepared by neutralising the acid with potassium hydroxide, the 
concentration being ascertained by evaporating a portion of it and 
converting the salt into sulphate. 
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I. a[15°5°] = +2°32°; 1 = 200 mm.; c = 12162; hence - 
2°32 x 100 
r = os C+ 9°54. 
alo = 3x alee = +94 


II. a[14°5°] +0°94°; 1 = 200 mm.; c = 5°019; hence 
_ 0°94 x 100 _ .2g2 
itl =-sx 50 = t°O- 


Hydrogen Ammonium Dextromethoxysuccinate-—This salt was pre- 
pared directly from the acid. On evaporating the solution, it was 
deposited in small, hard, crystalline globules. For purposes of com- 
parison, the salt of the inactive acid was also prepared. It was 
deposited from solution as a crystalline powder. The salts were 
dried in folds of filter-paper and submitted to analysis. 


I. 02697 gram of the active salt gave 0°3564 gram CO, and 0°1634 
gram H,0. 
II. 0:°2975 gram of the inactive salt gave 0°3951 gram CO, and 


0°1812 gram H,0. 
Found. 


Calculated for —_--— 
I Il. 


36-04 36-22 
6°73 6°77 
Both salts are therefore anhydrous. An estimation of the specific 


rotation of the active salt in dilute solution was made with the fol- 
lowing result :— 


a= +3°45°; 1 = 220 mm.; c = 6:0640; hence 
_ 345 x 100 _ Ree 
[“)> = Sax oes — +258. 
Normal Ammonium Dextromethoxysuccinate.—A solution of the salt 


was made by adding the calculated quantity of ammonia solution to a 
weighed portion of the acid ammonium salt. 


I. a[14°] = -++1-42°; 7 = 200 mm.; c = 5°7620; hence 


_ 142 x 100 _ rors 
[lp = 5769 = +12°32°. 
II. a[14°] = +0°69°; 2 = 200 mm.; ¢ = 2°8225; hence 
_ 069 x 100 _ —_— 
lel = 3 peaas = +1220. 


Calcium Deatromethoxysuccinate—The pure calcium salt was pre- 
pared by adding lime water to the acid and removing the excess of 
calcium hydroxide with carbon dioxide.. An estimatiun of calcium 
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in the substance, dried at 100°, gave 21°57 per cent. instead of the 
calculated number 21°51. The salt is more soluble in cold water 
than in hot; when a solution, saturated in the cold, is slightly 
warmed, the salt is precipitated. Estimations of the solubility of the 
active and inactive salts at 14° were made with the following 
results :— 


23°5350 grams of a solution of the active substance left, on evapora- 
tion, 1:2083 grams anhydrous salt. 

18'1042 grams of a solution of the inactive substance left, on 
evaporation, 0°0829 gram anhydrous salt. 


The solubilities of the salts are, therefore, 


Calcium dextromethoxysuccinate........ 541 : 100 
Inactive calcium methoxysuccinate 0°46 : 100 


The salt showed the following specific rotation :— 


a = —1'18°; 1 = 220 mm.; ¢ = 5°308; hence 


Re 
[¢]> = — sa sau = 101. 


The rotatory power of the calcium salt is, therefore, in the opposite 
sense to that of the acid. 

Barium Dextromethoxysuccinate—The salt was prepared in the 
same way as the calcium salt. On evaporating the solution, a thick 
syrup remained ; when water was added, the syrup solidified to a hard 
resin which dissolved very slowly in much warm water. When the 
salt, obtained by the evaporation of its solution, is dried at 100°, it 
seems to retain } mol. H,O, which is not entirely given off even at 
180°. The percentages of barium, calculated ou the salt with } mol. 
H,0 and anhydrous, are 46°92 and 48°41 respectively ; the numbers 
obtained on analysis of the salt, dried at 100° and 180°, were 47°15 
and 47°62 respectively. The inactive salt is much less soluble in 
water than the active one, and separates from its solution as a fine, 
crystalline powder. When dried at 100°, the salt contains water of 
crystallisation, the amount of which seems to vary with the tempera- 
ture at which it is deposited from solution ; like the active salt, it 
does not become anhydrous below 180—200°. Estimations of barium 
in the salt, dried at 100° and at 180—200°, gave the numbers 46°60 
and 48°39 per cent. 

In the determinations of specific rotation which are given below, 
the concentration of the solution used in Experiment I was found by 
making an estimation of barium in an aliquot portion of it. For the 
other experiments, weighed portions of this solution were diluted to 
known volumes with water. 
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. a[ 18°] = —8'20°; 1 = 220 mm.; c = 26:1248; hence 
=—_ 820x100 _  jgone 
[2lo = — 99x ae1zag — — #27". 
. a[18°] = —2-01°; 7 = 220 mm.; c = 12°4164; hence 
— _ 20Lx 100 _ _ waco 
is]o= — 59 x ipaies ~~? 9° 
. a[ 18°] = —0°28°; 7 = 220 mm.; ¢ = 5°7464; hence 
— 028x100 _ 449) 
slo = — 33 x 57a 7 - 
. a[18°] = +0°08°; 2 = 220 mm.; c = 1:1492; hence 
- 908 x 100 _ , argo 
i> = 99°x Plaga ~ +316. 
The activity of the barium salt is therefore in the opposite sense to 


that of the free acid; its value decreases with diminishing concentra- 
tion, and in very dilute solution its sign is reversed. 


Levomethoxysuccinic acid. 


The uncrystallisable portion of the cinchonine salt, as already 


stated, was much more highly coloured than the crystallised portion, 
and yielded salts containing a much larger proportion of inactive 
substance. Experiment having shown that the direct decomposition 
of the syrup with barium hydrate gave a dark coloured barium salt, 
from which the colouring matter could not be removed, we found it 
better to precipitate the cinchonine with ammonia, and to convert the 
ammonium into the calcium salt by heating the largely diluted solu- 
tion with milk of lime. The filtered liquid, having been neutralised 
with carbon dioxide and evaporated to dryness, yielded a residue, from 
which most. of the colouring matter could be removed by digestion 
with alcohol; by further treatment of the residue with a large 
quantity of cold water, a solution of the calcium salt was obtained. 
In the experiment described above, in which 51°5 grams of methoxy- 
succinic acid was used, the solution of the calcium salt made up to 
500 c.c. gave a rotation of +0°25°. 

Hydrogen Potassium Levomethoxysuccinate-—The acid, procured from 
the calcium salt by methods already described, was converted into 
the hydrogen potassium salt, which was freed from the last traces of 
colouring matter by treatment with alcohol. 

9°8 grams of the crystalline powder were obtained and crystallised 
fractionally. Determinations of the specific rotation gave results 


agreeing closely with those found for the dextrogyrate salt :— 
R 2 
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I. a[18°] = —2°:10°; 2 = 220 mm.; c = 40458; hence 
2:10 x 100 = Qo 
=s— —___ = 8550". 
*lo] = — 39x a0d58 P 
II. @[17°5°] = —2°11°; 7 = 220 mm.; c = 40826; hence 
211 x 100 _ _ 943.499 


[¢]> = — 9.5% £0806 = 


Leevomethoaysuccinic acid.—The acid was procured from its hydro- 
gen potassium salt in the same manner as the dextrogyrate acid; the 
weight of acid obtained was 5 grams. The melting point of the sub- 
stance, 89°, and its specific rotation, a‘determination of which is 
given below, agreed closely with those of the dextrogyrate acid :— 


a[18°] = —7°83°; 1 = 220mm.; p = 10°4700; d 18°/4° = 1°0321; 
wl ee 7°83 x 100 — _ 29.04° 
hence [@]p = — 53x 10-4700 x rosa ~ —°"9*° 
Hydrogen Ammonium Leevomethoxysuccinate-—The salt, prepared 
directly from the acid, crystallised like its oppositely active isomeride, 
and had an equal specific rotation :— 


a= —499°; 1 = 220 mm.; e = 87740; hence 
— _ *99 x 100 _ gx ono 
elp = 53 x e77d0 ~~ 8 

Calcium Levomethoxysuccinate.—This salt was prepared from levo- 
methoxysuccinic acid in the same way as the corresponding salt of 
the dextrogyrate acid. Its solubility and specific rotation were the 
same in amount as those of its oppositely active isomeride. 

13-9837 grams of a solution, saturated at 13°, contained 0°7417 gram 
of the anhydrous salt ; the solubility of the salt, therefore, at 13°, is 
5°60:100. The salt showed the following specific rotations :— 

I. a = +1°21°; 2 = 220 mm.; c = 5°4816; hence 
— 121 x 100 _ one 
[@]> = 53x pate = 11008". 
II. a[ 145°] = +0°19°; 2 = 200 mm.; ¢ = 22100; hence 
_ 019 x 100 


ltl = > aaios = +*™’- 


Experiment II, though it cannot lay claim to accuracy, on account 
of the highly diluted state of the solution, shows that the rotatory 
power of the calcium salt decreases with dilution. 

In conclusion, the chief experimental results of our investigation 
may be summarised :— 
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1. Inactive methoxysuccinic acid may be resolved into two active 
acids, of equal and opposite rotatory powers, and of identical general 
properties. 

2. The.active acids have a lower melting point than the inactive 
acid, and their salts are in general more soluble. 

3. The rotatory power of the acid and normal potassium and 
ammonium salts in dilute solution is in the same sense as that of the 
free acid, but not so great ; the specific rotation of the free acid and 
of the salts mentioned does not vary much with change of concentra- 
tion within the limits observed in our experiments. 

4. The potassium salts are less active than the corresponding 
ammonium salts; the normal salts are much less active than the acid 
ones. 

5. The rotatory power of the calcium and barium salts is of oppo- 
site sign to that of the acid, and diminishes rapidly with decreasing 
concentration ; in very dilute solution, the sign of rotation of the 
latter salt is reversed. 


United College of St. Salvator and St. Leonard, 
University of St. Andrews. 


XIV.—Optically Active Ethoxysuccinic acid. 


By T. Purpig, Ph.D., B.Sc., Assoc. R.S.M., and J. WaLLace 
Waker, M.A. 


. 


Ir has been shown in the preceding communication that inactive 
methoxysuccinic acid can be readily resolved into its active com- 
ponents by means of the difference in solubility of the cinchonine 
salts of the active acids: To procure the active ethoxysuccinic acids 
from the inactive compound, we naturally tried the same method, 
but preliminary experiments with cinchonine and other alkaloids did 
not give the expected result: we had recourse, therefore, to another 
of the methods discovered by Pasteur, namely, the selective action 
of moulds. We found that ethoxysuccinic acid succumbs readily to 
the action of Penicillium glaucwm, the levogyrate component being 
consumed during the growth of the mould, while the dextrogyrate 
component is left unaltered. 

The acid used in our experiments was prepared by methods already 
described (Trans., 1881, 39, 344; 1885, 47, 865), but with modifi- 
cations which we found to give a better yield of material. The ethyl 
fumarate, mixed with an equal bulk of alcohol, was treated at the 
ordinary temperature with sodium ethylate in the proportion of less 
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than th atom of sodium to 1 mol. ethereal salt. The product, after 
standing some days, was saponified with potassium hydroxide, and 
from the lead salt, procured by adding lead nitrate to the neutralised 
aqueous solution, the acid was prepared in the usual way. About 
85 per cent. of the calculated yield of dry acid was obtained. The 
acid was found to be quite inactive. 


Action of Penicillium glaucum. 


For our experiments with this mould, we used hydrogen ammonium 
ethoxysuccinate. Solutions of this salt of various concentration, to 
which the necessary nutritive mineral salts were usually added, were 
sown with the spores of the mould, and left until the growth seemed 
to have ceased. Ten experiments in all were carried out with quanti- 
ties of ethoxysuccinate varying from 3 to about 20 grams. The 
rapidity and mode of growth of the mould varied considerably, but 
in each case, whether spores were developed or only mycelium, a 
dextrogyrate solution was produced. The following experiments 
may be quoted as examples :— 

1.—3'3 grams of the hydrogen ammonium salt were dissolved in 
1 litre of water, and 1°5 grams of potassium phosphate added. The 
srowth of the mould was observable in a week, and after three 
months a thick felt of mycelium without spores had been produced. 
The solution having been filtered, neutralised with ammonia, clarified 
with animal charcoal, and evaporated to a bulk of 15 c.c., gave a 
rotation of +2° 25' ina 220 mm. tube. The solution having been 
made up as before to 1 litre and resown, was left for a month; there 
was no increase in the rotatory power. 

2.—7 grams of the same salt were dissolved in a litre of ordinary 
tap-water, to which no salts were added. After three months the 
solution, having been treated as described, and evaporated to 15 c.c., 
showed a rotation of +3° 20’. On concentrating still further, 
crystals of the active hydrogen ammonium salt separated, mixed, 
however, with a considerable quantity of the inactive salt. The 
whole was made up again to 1 litre, and resown with spores, some 
phosphate being added. Growth started again, though not vigorously. 
After two months, the activity had increased ; the solution, being con- 
centrated to only 25 c.c., gave a rotation of +3”. 

3.—22 grams of the hydrogen ammonium salt were dissolved in 
1 litre of water, to which 80 c.c. of a solution, containing 1 gram of 
potassium phosphate, 0°2 gram of magnesium sulphate, and 0°1 gram 
of calcium chloride per litre, was added. A thick mass of mycelium 
of a yellowish colour was quickly produced, and in two months the 
growth was at an end. On treating the liquid as before, the active 
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hydrogen ammonium salt crystallised in isolated prisms of consider- 
able size. We found that the conditions observed in this experiment 
were the most favourable for the action of the mould, and for the 
subsequent extraction of the active substance. 

Some difficulty was experienced in obtaining the active acid 
and its salts from the product of the fermentation. We found that 
the active acid, unlike the inactive, could not be precipitated as lead 
salt, and that precipitation as calcium salt, which is almost complete 
in the case of the inactive acid, was also unsuitable, owing to the 
greater solubility of the corresponding active compound. Extraction 
of theacid with ether likewise gave very unsatisfactory results. We 
therefore adopted the following methods: the solution resulting from 
the fermentation, having been filtered, neutralised with ammonia, 
and treated with animal charcoal, was evaporated to a small bulk, 
when some of the hydrogen ammonium salt usually crystallised. 
This was removed, and the uncrystallisable mother liquor, which 
contained the main quantity of the active substance, was largely 
diluted with water, and boiled with milk of lime as long as ammonia 
was evolved. The filtered liquid having been treated with carbon 
dioxide, and evaporated to dryness, the residue was shaken up for a 
long time with less than the quantity of cold water required for its 
complete solution; in this way the active calcium ethoxysuccinate 
was dissolved, and separated from any inactive salt which might be pre- 
sent. The calcium salt obtained by the evaporation of this solution 
was dried at 100°, weighed, dissolved as before in cold water, and then 
decomposed by adding to the solution rather less than the calculated 
quantity of sulphuric acid. The active ethoxysuccinic acid. was 
procured by treating repeatedly with ether the residue left on evapor- 
ation. 


Hydrogen Ammonium Dextro-ethoxysuccinate. 


The hydrogen ammonium salts of the inactive and the active acids 
both crystallise well, but are easily distinguished from each other. 
When a solution of the former is sufficiently evaporated, the salt 
crystallises in bundles of long, radiating needles, which extend through 
the whole mother liquor; a solution of the latter, especially when left 
to evaporate spontaneously, deposits isolated, transparent, well-formed 
prisms of considerable size, sometimes a centimetre in length. A 
specimen of the inactive salt was prepared by neutralising one-half 
of a solution of inactive ethoxysuccinic acid with ammonia, and then 
adding to this the other half. The crystals obtained by evaporation, 
having been rapidly dried in folds of filter paper, were submitted to 
analysis with the following results :— 


282 PURDIE AND WALKER: 


I. 0°2527 gram of substance gave 0°3524 gram CO, and 0°1695 


gram H;0. 
II, 02801 gram of substance gave 0°3921 gram CO, and 0°1906 


gram H,0O. 

III. 0°3101 gram of substance gave 20°2 c.c. N at 165° and 
759 mm. bar. 

IV. 03514 gram of substance gave 23:2 c.c. N at 145° and 


753°5 mm. bar. 


Calculated for 
C;H,,;0;N,4H.0. 
38°30 


The active salt was procured as described by evaporating the solu- 
tion resulting from the growth of the mould. The crystals were 
picked out from a little inactive salt which had also crystallised, and 
were recrystallised from water. In this way, 3 grams of the substance 
were obtained from the fermentation experiment quoted as No. 3. 
Analysis yielded the following results :— 


I. 0°2681 gram of substance gave 0°3564 gram CO, and 0°1862 
gram H,0. 
II. 0°2627 gram of substance gave 0°3493 gram CO, and 0°1827 
gram H,0. 
III. 0°3494 gram of substance gave 21°3 c.c. N at 15°5° and 
758 mm. bar. 
Found. 


Calculated for r 
C,H,,0;N,H,0. 5. II. 

36°26 36°26 

772 773 


The inactive and active salts, therefore, differ in respect of their 
water of crystallisation, the former crystallising with } mol. H,O, the 


latter 1 mol. H,O. 
Determinations of the specific rotation of solutions of the salt, of 


varying concentration, gave the following results :— 


OPTICALLY. ACTIVE ETHOXYSUCCINIC ACID. 233 
I. af 15°] = +4°66°; 1 = 200 mm.; p = 7:9629; d15°/4° = 


, ' ~ 100 x 466 ” en° 
1:0214; hence [a]p = +5 -_ Fer +28°65°. 


II. a[16°] = +2°67°; 1 = 200 mm.; p = 45368; d16°/4° = 


‘ ’ a 100 x 2°67 oan aaa 
10119; hence [a]p = +5 45368 x TOLD = +29°08°. 


III. a[17°] = +152; 1 = 200 mm.; p = 25626; d 17°/4° = 


1:0061; hence [@]p = +5 ; nase a = +29°48°, 


Determinations I and II were made with the pure salt of which 
analyses are given, III with a specimen similarly prepared from the 
product of another fermentation experiment. The results show that, 
within the limits of the conditions of our experiments, the specific 
rotation increases slightly with dilution. The results are calculated 
on the hydrated salt. 

Calcium Deaxtro-ethoxysuccinate.—This was procured from the hydro- 
gen ammonium salt, as already described. Like the inactive isomeride, 
it is more soluble in cold than in hot water, and is deposited an- 
hydrous when a cold saturated solution is heated; it is, however, 
more distinctly crystalline than the inactive salt, being deposited 
from its solutions in minute needles, whilst the latter separates in a 
scaly or granular form. 

An estimation of calcium in the active salt gave the following 
result :— 


05035 gram of the substance, dried at 100°, gave 0°2515 gram 


CaCO, 


Calculated for 
C,;H,0;Ca. Found. 


Ca...... 20°00 per cent. 19°98 per cent. 


The following estimations of solubility show that the active salt is 
about seven times as soluble as the inactive. The solutions were 
made by keeping the salts in constant agitation with water for 12 
hours at 15°. 


‘ 25°5944 grams of the solution of the active calcium ethoxysuccinate 
gave, on evaporation, 1°0188 grams of dry salt, whilst 25°1110 
grams of a solution of the inactive compound left 0°1576 gram of 
dry salt; the solubilities are, therefore— 


Inactive salt 0°63 : 100 
Active salt 4°15 : 100 


The active salt showed the following specific rotation, the con- 
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centration, c, being found by evaporating 100 c.c. of the solution and 
weighing the dried residue :-— 


I. a[15°] = +0°51°; 7 = 200 mm.; c = 3°0390; hence 
ae 
[ap = +o aua90 ~ TES" 
II, a[15°] = +0°41°; 1 = 200 mm.; ¢ = 1°7916; hence 
_ O41 x 100 _ AA? 
o>" s7 tee t=: 


The specific rotation, therefore, increases with diminishing concen- 
tration. 

Dextro-ethoxysuccinic acid.—The acid was procured from the calcium 
salt, made for the most part from the uncrystallisable portion of the 
solutions resulting from the fermentations, as described above. 
The ethereal solution when evaporated yielded a syrup which, on 
standing in a vacuum, solidified to a mass of hard, transparent 
prisms, resembling the inactive acid in general appearance. A com- 
bustion of the substance gave the results which follow :— 


0°2516 gram of the acid, dried in a vacuum, gave 0°4088 gram CO, 
and 0°1412 gram H,0O. 


Calulated for 


Our preparations of the acid did not melt sharply, but it evidently 
melts at a lower temperature than the inactive compound. The melt- 
ing points observed were, for the active acid, 76—80° ; for the in- 
active, 86°. 

Estimations of the specific rotation gave the results which follow :— 


I, af[17°] = +7°4°; 1 = 200 mm.; p = 10°8427; d17°/4° = 


100 x 7°4° 3-19° 
“ ° az - 319. 
1:0283 ; hence [a]p +5 Xx 10°8427 x 10283 +8 


Il. 2[17°] = +7:35°; 2 = 200 mm.; p = 10°8702; d17°/4 = 


100 x 7°35° 32°86" 
“9 . = ” 32°86". 
1:0287 ; hence [“]» = +5—p-9709 x 10087 + 


III. [19°] = +3-62°; 7 = 200 mm.; p = 5°4920; d19°/4° = 


100 x 3°62° 29.%4° 
. 7 e —_ sent - = 32° 4°, 
10151 ; bence(*}l> © +3 Gam xls 
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II and III, for which the same preparation was used, show that the 
specific rotation varies but little with a change of concentration 
within the limits of our experiments. 

The purity of the acid was proved by converting it into the hydro- 
gen ammonium salt, and taking its specific rotation :— 


a[17-5°] = +469°; 17 = 200 mm.;p = 80053; d 175°/4" = 


, . a 100 x 4°69° - nee 
10206 ; hence [a]p = +_= 30053 x 10206 = + 28°72°. 


The specific rotation of the pure hydrogen ammonium salt already 
given was, for similar concentration, + 28°65". 

Barium Dextro-ethorysuccinate.—This salt was made by heating a 
solution of the hydrogen ammonium salt with barium hydrate, and 
also directly from the acid. The active and inactive salts both dis- 
solve readily in water, but the former is evidently the more soluble 
of the two. The inactive salt is deposited as a fine crystalline 
powder of silky lustre on evaporating its solution; the active salt 
under similar conditions yields a syrup which solidifies on further 
drying. It still retains water at 100°, and becomes anhydrous only 
at about 160°. 


I. 1:0132 gram of the salt, dried at 155°, gave 0°6660 gram 
BaCO,. 

II. 0°5014 gram of the salt, dried at 160°, gave 0°3307 gram 
BaCQ,. 


Calculated for Found. 


gran, 
T II. 


45-71 45°87 per cent. 


The following observations show that the salt is dextrogyrate in 
dilute solution, and that the rotation decreases with increasing con- 
centration, and finally becomes negative :— 


I. a= +0°58°; 1 = 200 mm.; c = 45608; hence 
be 100 x 0°58 oe -Q9 0 
[elo = +3508 ~ +87. 
II. « = +0°53°; 2 = 200 mm.; c = 10-7696; hence 
a ee 
Lal = +50 7606 — +746: 
IIT. a[19°] = —2-19°; 7 = 200 mm.; p = 21-4772; d 19°/4° = 


1@7 100 x 2°19 9 
11678; hence [z]p = — Sx OLE x LISS —4°37°. 
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The concentration was found by estimating the barium in aliquot 
portions of the solutions. 

Hydrogen Potassium Dextro-ethoxrysuccinate.—This salt was made 
directly from the acid. It is easily soluble in water, and crystallises 
from the syrupy mother liquor in transparent prisms containing 
1 mol. H,0, which is lost only partly at 100°, entirely at 120°. The 
salt undergoes no further change when heated to 140°, but melts and 
begins to decompose about 160°. 

Estimations?of water of crystallisation and of potassium gave the 
following result :— 


0°5266 gram of the salt, dried in folds of filter paper, lost, at 120°, 
00441 gram, and gave 0°2121 gram K,SQ,. 
Calculated for 
C,;H,0;K,H.0. Found. 
8°37 
18-08 
The salt gave the following specific rotation in dilute solution :— 
a[19°] = +2:08°; 7 = 200 mm.; p = 38717; d 19°/4° = 1°0142; 
100 x 2°08 ° 
= “49. 
Ix ser? x tole ~ +7 
Normal Ammonium Deztro-ethoxysuccinate.—To find the specific rota- 
tion of this salt, a solution of known strength was procured by adding 


the calculated quantity of ammonia solution to a weighed portion of 
the hydrogen ammonium salt. 
I, a[14°5°] = +1°91°; 7 = 200 mm.; c = 5°2210; hence 
== 191 x 100 pom -99° 
[*]> = sano = + 19% 
If. a2[12°] = +0°56°; 1 = 200 mm.; c = 1°479; hence 
0°56 x 100 y2° 
= — = "93. 
isl =a = + 


hence [a]p = 


The solution II was too dilute to give an accurate result, but the 
experiment suffices to show that the specific rotation does not change 
very much within the range of concentration indicated. 


Action of Alkaloids. 


Methoxysuccinic acid having been resolved into its active com- 
ponents by means of the crystalline cinchonine salt, we thought that 
the same method would probably yield similar results with the 
ethoxy-acid. This proved, however, not to be the case. An aqueous 
solution of the acid cinchonine salt would not crystallise, but became 
milky on slow evaporation, and finally deposited an amorphous solid. 
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A solution of the normal salt yielded a small quantity of acicular 
crystals, but when decomposed with ammonia, the solution gave only 
a slight dextro-rotation, due, probably, to the presence of traces of 
the alkaloid. . 

Experiments made with the salts of cinchonicine and quinine were 
equally unsuccessful. The cinchonicine salt refused to crystallise, 
and, although a crystalline quinine salt, melting at about 135°, was 
obtained from a dilute aqueous solution, the ammonium ethoxysuc- 
cinate from it was inactive. 

We found, however, that the desired result could be attained by 
means of the hydrogen cinchonidine salt of dextro-ethoxysuccinic acid, 
as it is less soluble in water than that of the corresponding levo-acid. 
Having only a small quantity of ethoxysuccinic acid at our disposal, 
we were unable to make the experiments on a scale large enough to 
obtain the active components in the pure state, but we succeeded in 
procuring the dextro- and levo-gyrate hydrogen ammonium salts, 
which crystallised exactly like the dextrogyrate salt already described, 
and showed a specific rotation approximating in amount to that of the 
latter. 

245 grams of ethoxysucvinic acid were dissolved in 250 c.c. of 
water and a molecular proportion of cinchonidine was dissolved in 
the hot solution. The thick mass of feathery crystals, which was 
deposited on cooling, was collected and recrystallised from water. 
The recrystallised salt, weighing 21°5 grams, after being dried at 
100°, was dissolved in water and freed from cinchonidine, as far as 
possible, by repeated treatment with ammonia. As the solution of 
the ammonium salt could not be made to crystallise, it was boiled 
with milk of lime until ammonia ceased to be evolved, and evaporated 
to dryness. The more soluble part of the residue was taken up with 
a large quantity of cold water, and treated with carbon dioxide ; the 
solution was again evaporated to dryness, and the residue, after being 
treated with alcoholic chloroform to remove traces of the alkaloid, 
was shaken with cold water, so as to dissolve the active and leave 
the less soluble inactive calcium salt. The solution, which contained 
2'2564 grams salt in 100 c.c., gave a rotation of +0°25° in a 200 mm. 
tube. On decomposing the calcium salt with rather less than the 
calculated quantity of sulphuric acid, some fumarie acid was found to 
be present, the origin of which is unexplained. This was separated 
as completely as possible by evaporating the liquid to a small bulk, 
and filtering it after it had stood some days. The solution of ethoxy- 
succinic acid, obtained in this manner, gave a rotation of +4°, when 
examined in a 200 mm. tube, and yielded a hydrogen ammonium salt 
which crystallised exactly like the corresponding salt obtained by 
means of Penicillium. The crystals were dried in folds of filter-paper, 
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and dissolved in water for a determination of the specific rotation, the 
result being as follows :— 

a[16°5°] = +2°42°; 1 = 200 mm.; p = 4464); d16°5°/4° = 

e 100 x 2°42 9F-R0° 
' : = = +26°80°. 
OHS) Manes ith @ +5-Faal x rus” **** 

The specific rotation of the purest specimen of the salt obtained by 
means of Penicillium, for similar concentration, was +29°08°. 

The mother liquors containing the more soluble portion of the 
cinchonidine salt, having been treated in the same way as the crop of 
crystals, gave a levogyrate calcium salt, from which a levogyrate acid 
was obtained, showing a rotation of —1°83° in a 200 mm. tube. The 
quantity of levo-calcium salt obtained was less than that of the 
dextro-, hence the lower rotation of the solution of the levogyrate 
acid. The crystallised hydrogen ammonium salt, into which the acid 
was converted, gave the following results when examined with the 
polarimeter :— 

a[13°] = —1:°32; 1 = 200 mm.; p = 25175; d 13°/4° = 1:0064; 

100 x 1:32° ° 
i 
hence [2]> = —> x v5175 x 10064 . 

It is probable that a more complete separation of the active acids 

might be made with the aid of strychnine. 


General Considerations. 

For purposes of comparison we append a list of the specific rotations 
of dextromethoxysuccinic and dextro-ethoxysuccinic acids and their 
salts (p. 239). We omit, as unnecessary, the specific rotations found for 
levomethoxysuccinic acid and its salts. Two determinations of the 
specific rotation of calcium levomethoxysuccinate, however, are given 
in the table, in order to show the effect of dilution on the rotation, as 
a similar experiment was not made with the oppositely active 
isomeride. In cases where the specific gravity of the solutions and 
their percentage composition were found, the concentration ¢ has 
been calculated from these data for the sake of uniformity. The 
specific rotations were calculated on the anhydrous salts. 

As might be expected, we find a close parallelism between the rela- 
tions of active ethoxysuccinic acid and its salts and those of the 
corresponding methoxy-compounds. The remarks made at the con- 
clusion of the preceding paper, with respect to the active methoxy- 
succinic acids, apply in general to dextro-ethoxysuccinic acid. The 
active acids in both cases have a lower melting point than the in- 
active ; the rotatory power of the ammonium salts, and the potassium 
salts in dilute solution, is of the same sign as that of the free acids, 
but not so great, and the specific rotation does not alter much, with 
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change of concentration, within the limits observed in our experi- 
ments. The potassium salts are less active than the ammonium salts, 
and the normal salts less active than the acid ones. The behaviour 
of the barium salt of both acids is in marked contrast to that of the 
other salts just alluded to; its specific rotation varies very much with 
change of concentration, the salts being levogyrate or dextrogyrate, 
according to the strength of the solution, but the variation is in both 
cases of the same kind, that is to say, dilution has the effect of 
diminishing the levo- and increasing the dextro-rotation. The 
calcium salts present a similar phenomenon. In saturated solution, 
calcium dextromethoxysuccinate is levogyrate, calcium dextro-ethoxy- 
succinate is dextrogyrate, but from the analogy of the barium salts, 
it was to be expected that dilution would diminish the activity of the 
former and increase that of the latter, and this was found to be the case. 

As Guye has distinctly pointed out, it is hazardous to draw con- 
clusions regarding the relations of optical activity to the nature of 
the radicles which are united to the asymmetric carbon atom from 
observations made on dilute solutions of acids and their salts, when 
the disturbing influences of dissociation or formation of complex 
hydrates are unknown. The two acids which we have investigated 
are, however, so closely allied in constitution and composition, that 
the effect of such influences will probably be nearly the same on both 
of them, and we venture, therefore, to point out the bearing of our 
observations on the subject alluded to. 

The dextrogyrate methoxy- and ethoxy-acids, which we have de- 
scribed, have a comparatively large and nearly equal specific rotation, 
amounting to about +33” ina 5 to 10 per cené. solution. As it is 
very improbable that the simple substitution of a methyl for an ethyl! 
group could have the effect of converting a dextrogyrate activity of 
33° into a levogyrate activity of about the same amount; the two 
dextrogyrate acids have doubtless the same configuration, as indicated 
in the following tetrahedral diagrams :— 

a , a 
ocH OC,H; 
S45 


CH,.cCOOH COOH -COOH cooH 
Hes 9 =45 Fe =J53 =A45 
The numbers found for the specific rotations of the acids would 
show that methoxysuccinic acid has a slightly greater activity than 
its homologue. We do not attach any importance, however, to this 
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slight difference, as it is within the limits of error of our experiments, 
so it may be said that the substitution of OC,H; for OCH; does not 
produce much effect on the activity of the free acid, although it is 
very considerable in the case of the corresponding salts, the ethoxy- 
succinates being in every instance more dextrorotatory or less levo- 
rotatory than the corresponding methoxysuccinates. The difference 
is most strongly marked in the calcium salts, saturated solutions of 
which give rotations of opposite sign; and in the barium salts, to 
which the same remark applies for solutions having a concentration 
of between 5 and 10 per cent. 

These differences are not such as Guye’s theory (Ann. Chim. 
Phys. [6], 25, 145) would lead us to expect. According to this 
theory, the influence on optical activity of the radicles united to an 
asymmetric carbon atom depends chiefly on their mass, and only in a 
subordinate degree on the distances of their centres of gravity from 
the asymmetric carbon atom. By increasing the mass of the radicle 
at the angle a (see figure), as by the substitution of OC,H; for OCH, 
its mass approximates more to that of the radicle COOH ; the dis- 
symmetry of the molecule, and consequently the optical activity of 
the compound should be diminished. The substitution in question, 
however, so far as the evidence of the alkyloxysuccinates goes, pro- 
duces in most cases an opposite effect. It may be remarked that the 
two radicles COOH and OC,H;, being equal in mass, free ethoxy- 
succinic acid is an example, like some others discussed by Guye, of 
a compound which, according to his theory, must owe its activity to 
the radicles being situated at different distances from the asymmetric 
carbon atom or at the angles of an irregular tetrahedron. 

Crum Brown, in the paper already alluded to (Proc. Roy. Soc. Edin., 
17, 181), does not make any assumption regarding the nature of the 
special function of the radicles, differences of which determine the 
amount of the optical activity of a compound, except that in general 
this unknown function, which for convenience he calls «, is increased 
by addition to the radicle. From a consideration of the changes of 
sign of rotation produced by substitution in tartaric acid, lactic acid,and 
amylic alcohol, he concludes that the « of C,H; is greater than that 
of CH;, and that of CH;, in spite of the smaller mass of the radicle, 
greater than that of COOH. If these conclusions and the general 
assumption be correct, then the « of OCH; and of OC,H; should be 
greater than that of COOH, and this accords with our observations, 
for the methoxysuccinates and ethoxysuccinates are less active than 
the free acids. It would appear that the « of OCH; is greater than 
that of COOM, except when M is barium or calcium, in which case, 
the specific rotation is reversed. Further, the « of OC.H, should be 
still greater than that of COOM, and this is perhaps confirmed by the 
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observation that the dextro-ethoxysuccinatés are more dextrogyrate 
than the corresponding methoxysuccinates. The effect of increasing 
the radicle at a is particularly noticeable in the barium and calcium 
salts. The pure barium salts of the dextro-acids are evidently both 
really levogyrate, but tho ethoxysuccinate is much less so than the 
methoxysuccinate. The effect of replacing the hydrogen of the acid 
by metal is partly neutralised by the increase of the radicle at a, and 
the barium salts of higher alkyloxysuccinic acids will no doubt be 
dextrogyrate even in very concentrated solutions. 

Comparing the alkyloxysuccinic acids with malic acid, we find that 
in dilute solution they show a general parallelism as regards the 
relative activity of the salts of different metallic radicles; the am- 
monium salt is more active than the potassium salt, whilst the barium 
salt in each case exhibits the same rapid change of activity with 
change of concentration. It is striking to observe what a great 
increase of activity attends the substitution of alkyl groups for the 
hydrogen of the alcoholic hydroxyl. The specific rotation of ordinary 
malic acid in a 10 per cent. solution is only —2°1°, whilst that of 
dextro-ethoxysuccinic acid under similar conditions is about +33". 
It is impossible to say whether the dextroalkyloxysuccinic acids are 
derivatives of ordinary, so-called levo-, malic acid, or of its oppositely 
active isomeride. With the view of deciding this point, we have 
attempted, but hitherto without success, to prepare the alkyloxy- 
succinic acids direct from malic acid, by treating the ethereal salts of 
the latter with sodium, and heating the resulting sodium compound 
with alkyl iodide. We purpose repeating these experiments. 
Although meantime it is impossible to say with certainty whether 
the substitution of alkyl groups for the hydrogen of the alcoholic 
hydroxyl of malic acid has the effect of reversing the sign of rotation 
or not, it is difficult in any case to account, according to Guye’s theory, 
for the high rotatory power of the alkyloxysuccinic acids. 

If it be assumed that the change of activity produced by the sub- 
stitation of OCH; for OH is of the same kind as that produced by the 
substitation of OC,H; for OCH;,, that is to say, an increase of dextro- or 
decrease of levo-rotation, an inspection of the specific rotations of 
the three barium salts points to the conclusion that the dextroalkyl- 
oxysuccinic acids are derivatives not of ordinary but of dextromalic 
acid, for it is the barium salt of dextromalic acid which is more 
levogyrate than the barium alkyloxysuccinates. 

In order to bring the alkyloxysuccinic acids strictly within the 
scope of Guye’s theory, we intend to prepare and determine the 
specific rotations of some of the ethereal salts of these acids. 


United College of St. Saivator and St. Leonard, 
University of Si. Andrews. 


XV.—Observations on the Origin of Colour and on Fluorescence. 
By W. N. Harrier, F.R.S. 


Cotour is an effect due to an absorption of some of the rays of light 
emitted by a white hot incandescent solid or by a substance in a state 
of incandescent vapour. 

The origin of colour is the synchronism of the undulations of the 
emitted rays with the vibratory motions of the molecules, or the 
motions within the molecules, of the substance into which the rays 
enter, whereby the rays are absorbed (Trans., 1881, 39, 165). 

Colours may be visible or invisible, but a visible colour is one 
which causes absorption of any rays with wave-lengths not greater 
than about 7951, the deep-red ray of rubidium, and not less than 
3933, the more refrangible of the rays in the violet, H, and H,. 

In order to study the “origin of colour,” we must first consider 
the case of colour in those molecules which are of the simplest 
possible constitution, such as, for instance, the molecules of chlorine, 
bromine, and iodine, of oxygen, ozone, and water. 

Oxygen, ozone, and water are three coloured substances; the 
colour of each is blue. It is the effect of definite bands of absorption 
which extinguish rays with wave-lengths capable of being accurately 
measured, and therefore representing definite periods of vibration or 
oscillation-frequencies. The undulations of the absorbed rays are 
synchronous with, and in opposite phase to, the vibrations of the 
molecules of the respective substances. The colour or effect on light 
caused by molecules of oxygen, ozone, and water is in no way 
different from that caused by molecules of aniline-blue. The colour 
of the former molecules is less strikingly visible, and their tinctorial 
power is feebler because the absorption bands by which it is caused 
are much narrower, that is to say, they are restricted to fewer radia- 
tions than the bands of absorption in aniline-blue. 

It cannot therefore be correctly stated in general terms that colour 
is due to special forms of intramolecular structure or special modes 
of atomic arrangement such as can be represented by chemical 
formule, because these substances are so widely different in constitu- 
tion and have very little in common (Proc., 1888, No. 4,27). The 
statement may, however, be applied in a restricted sense to certain 
carbon compounds, especially to those which contain oxygen and 
nitrogen, and which are essentially of the class to which organic dye- 
stuffs belong. 

Armstrong, having been led to conceive certain conditions as 

s 2 
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necessary for the exhibition of colour by an organic compound, has 
endeavoured by modifying the formule of various well-known sub- 
stances to make their constitution conform to that which a coloured 
substance ought to possess according to his views (Proc., loc. cit.). 

The condition under which he represents all coloured molecules as 
existing is one of strain in their structure which gives them a certain 
degree of instability. He employs a special sign, @, to denote this 
strained condition; it is used in the same way as the parallel lines 
which indicate the double linking of carbon atoms. 

The indications of a condition of strain are, I gather, as follows :— 

1. Graebe and Liebermann, also Baeyer, observed that almost all 
organic colouring matters derive the physical property of colour from 
the manner in which the oxygen or nitrogen atoms are grouped, and 
that colouring matters are rendered yellow (converted into leuco- 
derivatives) or colourless by the action of reducing agents (Ber., 1, 
17 and 106). 

2. There is an instability and an activity characteristic of the 
coloured molecules of oxygen compounds of many metallic elements 
(Trans., 1887, 51, 154). 

3. The simplest organic colour is quinone, the example cited by 
Graebe and Liebermann (Ber., 1, 106). 

4. According to Armstrong’s view, there is no instance of a hydro- 
carbon being coloured, if we give the term its conventional meaning, 

5. Very many colouring matters have a complex constitution, and 
their structural formule may be varied to admit of them being 
written as substances resembling quinone. 

In several cases, Dr, Armstrong alters the structural formule 
either of substances which are not coloured which he considers 
ought to be, or of those which are coloured, and which, according 
to the usual view of their constitution, do not sufficiently exhibit 
the condition of strain already referred to, The truth which under- 
lies this conception of tension or strain is the fact that almost all 
organic colouring matters are obtained from benzenoid hydrocarbons, 
their derivatives or congeners; and that they contain oxygen or 
nitrogen or both, 

Otto Witt defined a colour produced from an aromatic compound 
as the result of the action of a chromophore upon a chromogen, but 
it is not necessary to have a salt-forming group present unless the 
substance is to constitute a dye-stuff, Chromophores are groups of 
atoms as NO,, CO, N—N. For instance, azobenzene is a strongly 
coloured substance, but it is not a dye. Ihave dealt with this matter 
(Trans., 1887, 51, 153), and shown that a chromogen is a coloured 
substance, the colour of which is invisible, but that under the action 
of a chromophore the colour becomes modified so that it is visible. 
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Armstrong has stated that the paraffins are all but colourless even 
in the infra-red and ultra-violet regions of the spectrum, but that the 
unsaturated hydrocarbons begin to manifest colour in regions above 
and below the visible spectrum. I have found that the paraffins and 
their derivatives, such as alcohols and acids, absorb the ultra-violet 
rays, the absorption taking place at the more refrangible end of the 
spectrum. Moreover there is uo difference to be observed between 
the character of the absorption shown by the paraffins and that of 
the unsaturated hydrocarbons of the ethylene and acetylene types. 

In fact, all open chain hydrocarbons exert a continuous absorption, the 
extent of which is dependent wpon the number of carbon atoms in the 
molecule. 

All conclusions as to the origin of colour which are based upon a 
belief that there is any difference between the nature of the absorption 
of rays by the normal paraffins and the unsaturated hydrocarbons 
appears to me not only fallacious, but to have, in fact, no foundation 
whatever. 7 

The most colourless substance known is hydrogen. That is to say, 
the rate of vibration of its atoms or its molecule is of all elements 
the most rapid. I have always attributed this fact to its mass being 
so much less than that of any other element, but it is probably due 
more to the large amount of energy that is associated with the mole- 
cule. 

Hydrocarbons are the least coloured of all other carbon compounds, 
because the energy of the hydrogen atoms is communicated to the 
whole molecule. This might account for hydrogenised colouring 
matters becoming colourless, and, in fact, it has been shown that 
hydrogenised substances absorb the ultra-violet rays less powerfully 
than those substances from which they have been derived (Trans., 
1885, 47, 693). If we compare the absorptive power of any two 
hydrocarbons containing the same number of carbon atoms, that con- 
taining the fewer hydrogen atoms will exert the greater absorption. 
Comparing C,H,, C,H, and C,H,, 1 mol. of the gas containing the 
most hydrogen will transmit the longest spectrum. 

The rate of vibration of a molecule is slackened by the entrance of 
oxygen into its constitution, because the molecule is weighted thereby, 
and one or more atoms of hydrogen have been removed. This has 
been shown to be the case by a spectroscopic examination of the 
normal alcohols, and of monobasic and bibasic acids (Phil. Trans., 
i, 160, 257). 

It has been remarked that the occurrence of colour is more 
frequently than not concomitant with a high degree of reactivity, the 
coloured compound being usually of “high potential,” or slight 
stability. If oxygen compounds such as manganates, permanganates, 
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chromates, and such like substances are referred to, this arises 
simply because they are endothermic compounds. 

Oxygen is in the free state blue, as Liveing and Dewar have shown, 
and in the endothermic molecule, ozone, its blue colour is intensified. 
It is, moreover, as I have shown, fluorescent. 

The condensation of the atoms of oxygen in the molecules of ozone, 
permanganates, chromates, &c., intensifies the colour of the com- 
pounds, and such condensation can only take place by absorption of 
heat, or some other form of energy measured in terms of heat. 

If we consider the condensation of carbon atoms in the molecule of 
hydrocarbons, and of the parent substances of organic colouring 
matters, similar facts come into view, thus :— 


CH,. C.H,. C,H). C,H, (gaseous). 
Exothermic. Endothermic. Endothermic. Endothermic. 


+185 —15°4 —61:1 —12 


Heat units, Heat units. Heat units, Heat units. 


Of these none forms a visibly coloured compound, except benzene, 
and the compounds of benzene are not visibly coloured unless they 


contain nitrogen, oxygen, or both. All chromogens are endothermic, 
and several chromophores. 

In fact, the following statement may be accepted as law :— 

All organic colouring matters are endothermic compounds, or derivatives 
thereof. 

This statement includes derivatives of benzene, triphenylmethane, 
naphthalene, anthracene, the tertiary bases, ferrocyanides and other 
cyanogen compounds, and also murexide. It explains why, according 
to Graebe and Liebermann, coloured molecules are rendered colourless. 
by reducing agents, for heat would be evolved by the action of nascent 
hydrogen on such substances. The rate of vibration is always 
increased by the addition of hydrogen, or by the removal of oxygen 
from a molecule, or by both causes operating simultaneously, so that 
absorption bands are transferred from the visible to the ultra-violet 
region, or are altogether destroyed. I conceive this to be the physical 
cause of that which Armstrong has not defined, but which he terms 
“ reactivity ” and “high potential.” 

I have stated in a former contribution (Trans., 1887, 51, 153) that 
a coloured substance is one which always absorbs rays at either end 
of the spectrum, or selects rays from some intermediate portion of the 
spectrum. “Every fluorescent substance is therefore coloured.” 
That is to say, it exerts absorption, either continuous or selective, in 
some part of the ultra-violet or visible spectrum, so that, though its 
fluorescence may exhibit a visible colour, its colour due to absorption 
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may be invisible. In other words, fluorescence might be inferred to 
be something verging upon actual-coloration if the absorbed rays 
extend close up to the violet region, that is to say, to about wave- 
length 3900. I have shown that this is the case with anthracene, 
and therefore Dr. Armstrong is in agreement with me when he 
remarks that its fluorescence is “the beginning of colour.” 

On the other hand, however, I cannot admit that anthracene is a 
colourless substance in any acceptation of the word, nor is it possible 
to allow that a brilliant fluorescence is an indication of incipient 
visible colour. My reasons are two: first, anthracene has a definite 
absorption band in the violet, and is therefore coloured, though its 
colour may be slight, and from certain causes, which I shall mention, 
it cannot be seen by a mere glance; secondly, many substances which 
show no fluorescence do not exert selective absorption, and several of 
those which do are not fluorescent. Many fluorescent substances 
exert only a continuous absorption at the more refrangible end of the 
ultra-violet spectrum, and have therefore nothing approaching to a 
visible colour. 

Eight years ago, during the progress of some other work, I observed 
filnorescence in a great variety of substances, and although I had 
intended to reserve the observations then recorded for future investi- 
gation, it seems desirable that they should be made known at the 


present time, and I beg therefore to place them at the disposal of the 
Chemical Society. 


Method of experimenting on Fluorescence. 


The source of light was a condensed electric spark, the electrodes 
being prepared from lead-cadmium and tin-cadmium alloys containing 
25 per cent. of cadmium. The spark apparatus was placed in a box 
with a circular aperture, in front of which was a quartz lens of about 
6 inches focus. The rays of the spark were thus brought to a focus 
at about 12 to 18 inches from the lens. The whole of the experi- 
ments were made in a dark room. The liquids examined were 
contained in quartz cells 20 mm. in thickness. They were viewed by 
looking at them in a direction at right angles to the direction of the 
rays which passed through the middle of the liquid. In cases where 
the fluorescence was doubtful, the sides of the cells were screened 
from the eye, and precautions were otherwise taken to prevent 
scattering of light being mistaken for fluorescence. It is believed 
that an examination of the results obtained: with a great variety of 
different substances will afford evidence that no mistake of the kind 
has occurred. 
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The Appearance of Fluorescence. 


When a substance like quinine sulphate is examined, there can be 
no question as to the colour of the fluorescence, for it is bright 
enough to be observed with a spectroscope. But although many 
substances are strongly fluorescent, the fluorescence is not always 
strongly coloured. The colours observed in fluorescence have been deep 
red, crimson, yellow, green, blue, and violet. Sometimes a violet or 
blue finorescence is barely visible, yet the fluorescence is strong, and 
the cell of liquid appears filled with light. This light to my vision is 
like the phosphorescence of phosphorus vapour, more or less yellow- 
ish or white. To this appearance there is occasionally added a 
bluish, greenish, or violet tinge, more or less pronounced. Hence the 
description of a strong fluorescence with a barely visible colour, or 
with no distinct colour, must be accepted as indicating a strong 
luminosity with feeble coloration. 

It should be observed that the substances examined were at first 
chiefly alkaloids and their salts, and, later, acids, alcohols, and a 
variety of organic compounds which were selected and examined in 
the order given with a definite object in view. 

The alkaloids were generally dissolved in alcohol of about 98 per 
cent., and, unless otherwise stated, this is the-alcohol referred to in 
the notes. Sometimes acid was added to the alcohol, and this is 
described as H,SO,/1000, which means 98 grams of sulphuric acid 
per litre. Almost all the specimens of alkaloids were obtained from 
the actual makers for the original purpose of examining their 
absorption spectra, particulars of which are given in the Phil. Trans. 


Alkaloids and Salts examined for Fluorescence. 


Quinine. 0°02 gram dissolved in 20 c.c. of alcohol. Sp. gr. 0°8. 
Beautiful bright violet fluorescence. 

Quinine sulphate. 0°02 gram in 20 c.c. of absolute alcohol with 
one-fourth of its volume of H,SO,/1000. Brilliant sky-blue 
fluorescence. 

Quinidine sulphate. 0°02 gram in 20 c.c. of alcohol with one- 
fourth its volume of H,SO,/1000. Blue fluorescence. 

Cinchonine. 0°02 gram in 20 c.c. of alcohol. Blue fluorescence. 

Cinchonine sulphate. Containing 1/1000 of base. Brilliant sky- 
blue fluorescence. . 

Cinchonidine sulphate. 0°02 gram in 20 c.c. of alcohol with one- 
fourth its volume of H,S0,/1000. Bright sky-blue fluor- 
escence. 
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English aconitine. 0-1 gram in 20 c.c. of alcohol. Greenish-blue 
fluorescence. 

Foreign aconitine (inactive). 0°l1 gram in 20 c.c, of alcohol. 
None. 

Pseudaconitine. Solution 1 in 1000 of alcohol. Purple fluor- 
escence. 

Quinine hydrochloride. The quinine solution acidulated with strong 
hydrochloric acid. Very faint fluorescence. Colour very in- 
distinct; rather like the vapour of phosphorus when seen in 
the dark. 

Hydrochloric acid. None. ; 

Narcotine (fresh solution).. 0°02 gram in 20 c.c. of alcohol. 
None. 

Narcotine (an old solution). 0-1 gram in 40 c.c. of alcohol. 
Greenish fluorescence. 

Oxynarcotine (old solution). 0-1 gram in 25 c.c. of alcohol. 
Bluish fluorescence. 

Oxynarcotine (fresh solution). 1 gram in 1000 c.c. of alcohol. 
Bluish fluorescence. 

Narceine. 0°l gram in 25 c.c. of alcohol. Very indistinct blue 
fluorescence. 

Tetracetylmorphine. 01 gram in 20c.c. of alcohol. Very faint 

blue fluorescence. 

Thebaia. 0°1 gram in 20 c.c. of alcohol. None. 

Codeia. 0-1 gram in 20 c.c. of alcohol. Very faint blue fluor- 
escence. 

Diacetyleodeia. 0°1 gram in 20 c.c. of alcohol. None. 

Papaverine. 0:1 gram in 40 c.c. of alcohol. Greenish-blue fluor- 
escence. 

Cotarnine hydrobromide. 01 gram in 20 e.c. of alcohol. Pale 
greenish-blue fluorescence. 

Strychnine. 0:1 gram in 100 c.c. of alcohol. None. 

Brucine. 01 gram in 25 c.c. of alcohol. None. 

Japaconitine. 0-1 gram in 10 c.c. of H,SO,/1000. Blue fiuor- 
escence. 

Pipereine. 0°1 gram in 20 c.c. of alcohol. Faint blue fiuor- 
escence. 


Dyes and Coloured Substances. 
The following substances are dyes :— 


Rocellin, or fast red (f-naphthol-azonaphthylsulphonic acid). 
Strong and weak solutions in alcohol. Absolutely non-fluor- 
escent. 
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Acid brown (a-naphthol-azonaphthylsulphonic acid). Strong 
solution in water not fluorescent. Very dilute solutions, 
lavender fluorescence. 

Helianthin. Strong solutions not fluorescent. Faintly fluorescent 
in weak alcoholic or aqueous solutions. 

Benzene-azo-8-naphtholdisulphonic acid. Strong solutions not 
fluorescent. Weak solutions exhibit a magnificent bluish- 
violet fluorescence. 

Amidoazo-z-naphthalene. Strong solutions not fluorescent. Mag- 
nificent greenish-blue fluorescence in weak solutions. 

Amidoazo-8-naphthalene. Magnificent bright blue fluorescence in 
alcoholic and aqueous solutions. 

Cumene-azo-f-naphtholdisulphonic acid. Strong solutions not 
fluorescent. Lavender-blue fluorescence in dilute aqueous and 
alcoholic solutions. 

Diphenylamine-blue. Lavender-blue fluorescence in dilute aqueous 
solutions. 

Magenta (rosaniline hydrochloride). Not fluorescent even in strong 
or dilute aqueous solutions. 

Safranine. Strong solutions not fluorescent. Brilliant reddish- 
yellow to yellowish-red finorescence in very dilute aqueous 
solutions varying with strength. 

Magenta (rosaniline acetate). Not fluorescent in strong solution. 
Light-blue fluorescence in dilute solutions. 


Various Substances. 


Methyl alcohol.* Prepared from very pure methyl oxalate. Very 
slightly bluish, but fairly strong fluorescence. 

Ethyl alcohol.* Marked fluorescence. Colour slightly blue, or 
bluish-violet. 

Propyl alcohol.* Slight blue fluorescence. 

Isobutyl alcohol.* None. 

Urea. 0°2 gram in 20 c.c. of water. No distinct fluorescence. 

Glucose. 0°2 gram in 20c.c. of water. Nothing distinctly coloured, 
but a slight luminosity, due to fluorescence. 

Ozone. Oxygen containing 17 per cent. of the gas. Steel-blue 
fluorescence. 

Pure benzene. Crystallised. Bluish fluorescence. 

Azobenzene. In very dilute alcoholic solutions. Faint, greenish- 
blue fluorescence. 


* These substances are the identical preparations described in the Phil. Trans. 
(1879, 170, 257). It is believed that no purer specimen of methyl alcohol was 
ever prepared. 
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Ether. Very carefully prepared and dried. A barely visible 
fluorescence. Doubtful. 

Chloroform. Doubtful. Fluorescence, if any, very feeble. 

Glycerine. Strong, pale-violet fluorescence. 

Glacial acetic acid. Scarcely visible colour, but strong fluor- 
escence. 

Sulphuric acid. Indistinct. Barely visible, but resembling the 
fluorescence of quinine hydrochloride. 


The bluish-violet fluorescence of alcohol and the violet fluorescence 
of quinine are destroyed by placing a cell containing either hydro- 
chloric acid or chloroform in front of the cells containing alcohol or 
quinine. 

In quinine hydrochloride, a drop of sulphuric acid develops the 
magnificent blue fluorescence characteristic of the acid sulphate. 


Nitric acid. A barely visible fluorescence. Colour indistinct. 

Volcanic ammonia. A barely visible finorescence, less marked 
even than that of nitric acid. No decided colour. 

Tap water. Barely visible light; no colour. Apparently slightly 
fluorescent. 

Distilled water. Nothing decided, but a very faint light seen in 
cell. Fluorescence is very doubtful. 

Optical glass of Chance’s make. 

Crown glass. Beantiful blue fluorescence. Very strong. 

Light flint glass. Density, 3:2. Beautiful blue fluorescence. 
Strong. 

Heavy flint glass. Density, 3°64. Beautiful blue fluorescence. 
Strong. 

Heavy flint glass. Density, 3°66. Beautiful blue fluorescence 
Strong. 

Rock crystal. Pale bluish-violet fluorescence. 

Flint glass specimen bottles, from the Whitefriars Glass Works. 
Beautiful bright-blue fluorescence. 


The rock crystal transmitted all rays of the spectrum, from wave- 
length 7950 up to and including wave-length 2000, that is to say, 
from the red to the extreme ultra-violet. Probably the absorption 
which causes fluorescence lies beyond \ 2000. 

These different varieties of glass are quite as brilliantly fluorescent 
as anthracene, or as a solution of quinine sulphate under the same 
illumination. 

The following observations are to be noted :— 


1. Quinine dissolved in alcohol exhibits a beautiful bright violet 
fluorescence. 
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2. Hydrochloric acid is not fluorescent. 

3. Quinine hydrochloride is very faintly fluorescent, but without 
distinct ‘colour. 

4. Chloroform is feebly fluorescent, but without distinct colour. 

5. Both hydrochloric acid and chloroform can cut off those rays 
which are the cause of the fluorescence in quinine. 

6. Some of the alkaloids may be recognised by the degree and 
colour of the fluorescence they exhibit, as for instance the different 
aconitines. 

7. Normal alcohols are fluorescent ; so also are the fatty acids. 

%. Glycerol has a violet fluorescence. 

9. Benzene has a pale-blue fluorescence; azobenzene greenish-blue, 

10. Rock crystal has a pale bluish-violet fluorescence, flint glass 
a strong blue, and crown glass a very strong and beautiful blue 
fluorescence. 

11. Substances which are not fluorescent in strong solutions may 
become so on dilution. This is characteristic of those substances 
which exert a very powerful absorption of the ultra-violet or the 


visible rays. 


Fluoresceine, which may easily be examined by ordinary light, is a 
good example of this. It powerfully absorbs those rays which cause 
its fluorescence, hence only in dilute solutions, when the absorption 
is weakened, does the fluorescence exhibit itself. 

I will now advert to the fact that Dr. Armstrong assumes both 
quinine and quinine hydrochloride to be non-fluorescent. In view of 
the experiments just quoted, this appears to be erroneous. He next 
explains the non-fluorescence of the hydrochlorides as probably due 
to a splitting up of the salt, but an examination of its absorption 
spectrum (not published) and those of the allied bases, for instance, 
quinoline, hydroquinoline, tetrahydroquinoline, and their hydro- 
chlorides, shows that this is not the case (Trans., 1885, 4'7, 685). 
The reason which I consider to be valid is the absorption by hydro- 
chloric acid of those rays which are the cause of the fluorescence in 
quinine. In like manner dilute solutions of rosaniline hydrochloride 
are not fluorescent, whilst those of rosaniline acetate are. 

In this connection, it may be well to consider the cause of fluor- 
escence. It is the retardation of some of the rays of a beam of 
light during their passage through a substance, so that their rate of 
vibration is reduced, and the length of their waves increased. This 
is usually expressed by saying that the rays are lowered in refrangi- 
bility. ' 

It will appear from the behaviour of many of the substances on the 
foregoing list that they may be divided into three groups: 
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Group 1, Substances which absorb the rays. 

Group 2, Substances which retard the rays without effecting great 
absorption. 

Group 3. Substances which absorb the rays in strong solutions, 
and only retard them in weak ones. 


There is one substance I have not mentioned which is remark- 
ably fluorescent, namely, unsized paper. The whole of the ultra- 
violet spectrum as far as wave-length 2000 is rendered visible when 
allowed to fall on a sheet of white blotting-paper; but this fluor- 
escence is without distinct colour. The eye must be rendered sensi- 
tive by being in the dark for some minutes, and no stray rays of light 
must illuminate the paper; but so distinctly are the lines in the 
spectrum of cadmium made visible that they may be well focussed 
on such a screen, This can only be the case if the paper is 
fluorescent to all the rays, and that these are lowered in re- 
frangibility. 

Obviously rays of such short wave-lengths as are invisible under 
ordinary circumstances, because they are absorbed by the aqueous 
humour of the eye, could not be seen by reflection; and, if they 
could, a sheet of glass would render them visible when viewed at a 
proper angle. It must, therefore, be the case that the paper is fluor- 
escent. As Sir George Stokes has shown, a very great variety of 
substances are fluorescent. 

This strengthens my conclusion, that we cannot accept any general 
statement* which implies that fluorescence is a feeble manifestation 
of that which we ordinarily describe as colour. 

The special instance referred to by Armstrong, namely, that of 
anthracene, is an exceptional one in which fluorescence is simply 
associated with, but not necessarily consequent upon, a definite ab- 
sorption in the more refrangible rays of the visible spectrum or in 
the less refrangible rays of the ultra-violet. 

The purest anthracene, distilled twice or thrice from an excess of 
caustic alkali, has been carefully examined. It shows the most 
brilliant fluorescence, and it has a greenish-yellow colour. When 
transparent crystals are seen by reflected light, they appear white 
with a superadded violet or bluish tint due to fluorescence. But the 
same crystals, viewed by transmitted light, are greenish-yellow, and 
the colour is more distinctly seen when the crystals are carefully 
melted. The colour by transmitted light is complementary to that 
which is absorbed. That anthracene is a substance which is not 
deeply coloured may be easily explained by the following facts :— 


_* “The origin of Colour, Note on the appearance of Colour in Quinoline deriva- 
tives and of Fluorescence in Quinine salts,” Trans., 1887, 51, 789. 
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First, the absorption band, which is the cause of the colour, is a 
narrow one; secondly, the absorbed rays are not powerfully luminous ; 
thirdly, because the real colour of the substance is neutralised by the 
unabsorbed violet rays which are close beside the absorbed rays, and 
are very nearly of a complementary tint. 

The colour of the fluorescence is in itself sufficient to extinguish 
the colour of absorption proper to anthracene. 

In 1879, in conjunction with Professor Huntington, certain isomeric 
nitro-compounds were studied by me, but neither at that period nor 
since have I become aware of any evidence that compounds which 
in the conventional sense are coloured have of necessity a different 
constitution from compounds ordinarily said to be colourless. It is 
on that account impossible for me to adopt the hypothesis that ortho- 
nitrophenol is really quinoneorthonitrowime (“ The Origin of Colour, I: 
The Constitution of Coloured Nitro-compounds,” Proc., 1892, 101) 
simply, and for no other reason, because it has a yellow colour, 
or to assume that metanitraniline is not a uniform substance, or 
that its structure is really not that of imidonitrobenzene because 
its constitution is not that which, according to Armstrong’s view, 
a yellow substance ought to have. An examination of the absorp- 
tion curves of the 1 : 2- and 1 : 4-nitrophenols, figured in the Phil. 
Trans., i, 1879, will show the close similarity of their spectra. By 
an error which it would not be difficult to explain, the orthonitro- 
phenol has been described as para-, and vice versd, but, as the speci- 
menus examined are still in existence and are correctly labelled, there 
can be no doubt as to which of them the description is intended to 
apply. In Diagram 23 (loc. cit.), it will be seen that orthonitrophenol 
has a band of absorption extending completely through the ultra- 
violet into the blue rays, hence its yellow colour, whilst the ab- 
sorption, caused by the paranitrophenol (Diagram 22), terminates in 
the violet, and the substance is therefore practically colourless. In 
metanitraniline we have an absorption band carried as far as the 
middle of the violet, but in the para-compound a strong absorption 
band occurs in the blue. The two substanees are therefore both 
coloured, but the latter has the deeper tint. Now, if metanitraniline 
were not of uniform composition, then the absorption spectrum of 
a dilute solution would at some part of the curve afford evidence 
of the presence of another substance. There is no such indication 
to be traced in these curves, and they are, in fact, very much what one 
would expect to find them. 

The facts referred to by Armstrong, that the metallic derivatives of 
paranitrophenol are coloured whilst the substance itself is colourless, 
is precisely what I should have predicted from its spectrum, that 
methoxyorthonitrophenol is colourless whilst the parent substance is 
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yellow, and that the benzoate of the yellow metanitraniline is colour- 
less, are instances of several such changes which I have studied, but, 
at present, I am not prepared to give an account of them. There are 
many instances of substances being colourless which, by analogy, 
might be expected to be coloured. For instance, NO, is visibly ancl 
strongly coloured, but NO,.OH has no visible colour, its absorption 
being in the ultra-violet. Chlorine, bromine, and iodine, are coloured 
but their hydracids are not, neither are their oxygen acids, nor the 
salts of such acids. Nitric acid, hydriodic acid, and the haloid 
oxygen compounds are all endothermic substances, and why they are 
not coloured requires some explanation. It may, however, be re- 
marked that in dealing with yellow substances the difference between 
colour and no colour is very slight. The colour may be intensely 
strong, but a very little shifting of the region of absorption to rays 
a little more or a little less refrangible than the solar rays H, and H, 
makes such substances as the nitrophenols and nitranilines colourless 
or coloured. 

The general conclusions recorded in may former communications 
on the subject of colour and chemical constitution (Trans., 39, 
153; 41,45; 47,685; 51,154) have been confirmed by G. Kriiss 
and also by Schiitze (Zeit. physikal. Chem., 9, 109, 1892). I refer 
more particularly to the raising and lowering of tint by the introduc- 
tion of hydrogen on the one hand, or by the substitution of hydro- 
carbon radicles for hydrogen on the other; having, however, dealt 
with a much greater range of spectrum than later investigators, | 
have shown how this operates, so as to convert a colourless into a 
coloured substance. But in causing visible colour or in changing its 
tint we must consider not only the effect of mass on the chromogen 
but also on the chromophore, and then, as the chromogens are endo- 
thermic compounds, it is necessary, also, to take into account the 
enorgy of the molecule or atomic grouping which, while entering into 
them, varies their tint. 

That there are certain structural formule which are common to 
many strongly coloured dyes admits of no question, and from the 
result of many observations I should be led to expect the most power- 
fully tinctorial property to belong to those substances with formule 
which indicate the highest endothermic values for the chromophores, 
the nucleus being a closed chain compound such as benzene, for 
instance, with an invisibly coloured chromogen. 

During a protracted and systematic study of absorption spectra of 
inorganic and organic substances, I have endeavoured to elucidate 
the cause of the production of coloured derivatives from what are 
ordinarily termed colourless hydrocarbons, and no one is more un- 
likely to fail in appreciating every attempt made, both by reasoning 
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and experiment, to discover something in their constitution common 
to all substances which are visibly coloured, 

It is, however, impossible to dissociate the phenomena exhibited by 
hydrocarbons in the ultra-violet part of the spectrum from identical 
phenomena exhibited by their derivatives in another part of the 
spectrum ; still less is it possible to dissociate the phenomena which 
produce the narrow bands of absorption in the spectrum of water 
from those which are the cause of the broad bands of absorption in 
the spectrum of a solution of a salt of triphenylrosaniline, Both 
substances have a blue colour, differing only in intensity. The colour 
and the cause thereof are in each case the same.* 


Royal College of Science, Dublin. 


XVI.—Formation and nitration of Phenyldiazoimide. 


By Wittiam A. Titpen, D.Sce., F.R.S., and J. H. Minzar, A.I1.C.. 


Ir has-been shown by Emil Fischer (Annalen, 190, 89) that when 
nitrous acid is made to act upon phenylhydrazine under suitable con- 
ditions, an unstable nitroso-compound, C,H;-N(NO)-NH,, is formed ; 
but that if the action be effected in the presence of excess of acid, or 
if the nitroso-compound be treated with alkalis, the elements of water 
are separated, phenyldiazoimide (“ diazobenzolimid ”’) being produced. 

In the course of a comprehensive series of experiments now in 
progress on the action of nitrosyl chloride, NOCI, on carbon com- 
pounds, we submitted phenylhydrazine to this reagent, and readily 
obtained a large yield of the imide. 

The nitroso-compound does not appear in this case, for, if formed 
as an intermediate product, it is immediately resolved under the con- 
ditions of our experiments into water and the imide, which is the 
final and chief product, 

Nitrosyl chloride gas is prepared by allowing nitrous sulphuric 
acid to drop on to dry common salt, When used as a reagent, the 
gas may, in most cases, be passed directly into the solution to be 
operated upon, or it may be liquefied in tubes cooled by a freezing 
mixture and subsequently sealed up till required. The reagent can 
in this way be stored in considerable quantity; moreover, in this 
form, it is free from hydrogen chloride, and the amount employed 
can be conveniently regulated. 


* Dr. Armstrong’s reply to Professor Hartley’s criticisms will be found in the 
Proceedings, 1892, p. 189, et. seq. 
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The phenylhydrazine employed was dissolved in three: times its 
weight of glacial acetic acid, and nitrosyl chloride gas passed slowly 
into the solution at the ordinary temperature of the laboratory, the flask 
being occasionally dipped into cold water to prevent any consider- 
able rise of temperature. A precipitate of hydrochloride of the base 
was at first thrown down, and as the action proceeded the mass 
became pasty. After a time the crystals redissolved. The operation 
was interrupted when the greater part of the hydrochloride had dis- 
appeared, and the liquid became bright red. The resulting solution 
was then diluted with a little water and steam-distilled. The phenyl- 
diazoimide soon came over as a nearly colourless oil, which was sepa- 
rated and dried by calcium chloride. One preparation was distilled 
and was found to boil at 112—114° under a pressure of 57 mm. 
Phenylhydrazine, when thus treated, yields more than half its weight 
of the imide. 

At this point, our attention was attracted by a paper by Noelting 
and Grandmongin (Ber., 24, 2546), in which they point out that, 
whereas phenyldiazoimide is not capable of exchanging its phenyl for 
hydrogen, the introduction of nitro-groups confers on the pheny! this 
power of exchange, the dinitro-derivative being resolved by treat- 
ment with alkalis into a dinitrophenol and diazoimide. The nitro- 
compound required is obtained according to Noelting and Grand- 
mougin from the corresponding dinitraniline by diazotising, convert- 
ing into perbromide, and treating with ammonia. In a second paper 
quite recently published (Ber., 25, 3328), the same authors, in con- 
junction with O. Michel, show that when para- or ortho-nitrophenyl- 
diazoimide is boiled with alcoholic potash, potassium diazoimide is 
produced, but the results of the action are less simple than when the 
dinitro-derivative is used, and the yield of azoimide is much smaller. 
It occurred to us that, having the means of preparing phenyldiazo- 
imide very easily, it would be more economical and convenient if 
possible to produce the nitro-derivatives by direct nitration with 
nitric acid. 

Phenyldiazoimide is violently acted on by absolute nitric acid 
(dens. 1-5), and it can only be introduced into the acid drop by drop. 
It is more convenient to empioy ordinary strong nitric acid 
(dens. 1:4). The imide does not dissolve freely in this liquid in the 
cold, but on the application of a gentle heat, a deep red solution is 
obtained with evolution of red fumes. 1 part of the imide was 
added gradually to about 10 parts of nitric acid, gently heated, and 
the whole kept warm for about sn hour, or until the liquid had lost 
the deep red colour and action was nearly finished. On cooling the 
liquid, an oil separated and soon crystallised. The acid liquid was 
diluted with water, and, after standing for a short time, the nitro- 

VOL. LXII1. T 


958 FORMATION AND NITRATION OF PHENYLDIAZOIMIDE. 


compound was filtered off. Mere traces were left in the mother 
liquor, together with a crystalline but very soluble and fusible yellow 
nitro-compound, and a third substance which contains no nitro- 
gen. The nitrophenyldiazoimide may be purified by steam distilla- 
tion or by crystallisation from alcohol. Phenyldiazoimide yields, 
by this process, about two-thirds of its weight of crude nitro- 
derivative. The nitro-compound melts at 74°. The crystals are 
colourless when freshly prepared, but become yellow on exposure to 
light. A determination of nitrogen gave the following numbers :— 
0°134 gram of substance gave 38°75 c.c. nitrogen at 15° and bar. 
752 mm., corresponding to 33°5 per cent. of nitrogen, while the 
formula C,H,N;NO, requires 341 per cent. This then is the para- 
nitrophenyldiazoimide. 

When fuming nitrie acid has been used, the yellow solution from 
which the nitro-compound has separated yields by evaporation or 
extraction with ether a small quantity of a yellow substance 
crystallising in short prisms, which melt at 68°, and contain 21°6 per 
cent. of nitrogen. The formula for a dinitrophenol, C,H;(NO,).OH, 
requires 15°2 per cent., and though the melting point of our sub- 
stance is very near to that of the dinitrophenol [OH : NO, : NO, = 
1:2:6], it differs in appearance from that compound. Noelting 
and Grandmougin noticed that orthoparadinitrophenyldiazoimide 
undergoes spontaneous change, yielding a crystalline compound, the 
description of which agrees with that of our substance. We also 
find that when the paranitro-compound (m. p. 74°) is heated with 
fuming nitric acid with a view to effecting further nitration, it yields 
a yellow, crystalline substance of the same character. Probably, 
therefore, the action of nitric acid on phenyldiazoimide is, in the first 
place, to form the paranitro-derivative, the greater part of which 
survives the further action of the acid, but a portion of it exchanges 
1 atom of hydrogen in the ortho-position for nitryl, giving the ortho- 
paranitro-derivative, which then undergoes a decomposition, the 
nature of which requires further experiment for its elucidation. 

The action of nitric acid on phenyldiazoimide also gives rise to @ 
third substance which crystallises in nearly colouress prisms, and 
melts at 100°. It has not yet been closely examined. 

When paranitrophenyldiazoimide is boiled with alcoholic potash as 
described by Noelting and Grandmougin (Ber., 25, 3329), it yields a 
solution from which Curtins’ azoimide may be easily obtained by 
(listillation after acidifying with dilute sulphuric acid. There seems 
to be no danger in operating with dilute solutions, and the process 
described above affords in the nitrodiazoimide a convenient source of 
this interesting compound. 


The Mason College, Birmingham, 
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XVII.—The formation of Pyridine derivatives from Unsaturated 
Acids; Benzyldihydroxypyridine. 


By S. Runemany, Ph.D., M.A. 


Tue close relation which exists between glutaconic and aconitic 
acids induced Morrell and me (Trans., 1891, 59, 743) to determine 
whether the ethereal salt of the former would react with ammonia in 
the same manner as ethyl aconitate and ammonia, and yield aa’-di- 
hydroxypyridine. We have indeed shown that condensation takes 
place, but we did not succeed in isolating the pyridine derivative 
owing to the readiness with which it oxidised on exposure to air. In 
spite of this experience, I have, nevertheless resumed the investigation, 
and in the hope that the derivatives of dihydroxypyridine would be 
more stable, I have begun the stndy of the action of ammonia on_ the 
substitution products of glutaconic acid, choosing in the first instance 
benzylglutaconic acid: I have found that its ethereal salt condenses 
with ammonia forming f-benzyl-a2’-dihydroxypyridine. 

Ethyl Benzy!glutaconate-—Benzylglutaconic acid was prepared in 
accordance with the directions of Conrad and Guthzeit (Annalen, 222, 
261), by heating ethyl benzyldicarboxyglutaconate with sodium 
hydroxide; the hydrolysis of the ethereal salt takes place readily on 
using a 50 per cent. aqueous solution of the alkali and is completed 
after one hour’s heating. The benzylglutaconic acid which separates on 
the addition of hydrochloric acid to the alkaline liquid is best recrystal- 
lised from boiling water; it melts at 149—150° (Conrad and Guthzeit 
give 145°). The ethereal salt of this acid is readily formed on heat- 
ing its solution in absolute alcohol with sulphuric acid on the water- 
bath, and on pouring the product into water, an oil separates, which 
can be purified by shaking it with a dilute solution of sodium carbon- 
ate and drying over calcium chloride; it boils at a temperature of 
203—204° under a pressure of 10 mm. 

On analysis, numbers were obtained which agree with the formula 
CHO, 


02764 gram of substance gave 0°7038 gram CO, and 0°:1830 gram 


Calculated. Found. 
69°44 
7°35 
Ethyl benzylglutaconate is a thick, yellow oil ; d13°/ 13° = 1:0854. 


Dihydroxybenzylpyridine— Ammonia dissolved in water does not 
seem to act on the ethereal salt at the ordinary temperature, the oil 
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remaining unaltered after being in contact with the ammonia for 
several days. Even on heating the salt with a concentrated aqueous 
solution of ammonia at 100° in a closed tube, the oil does not dissolve 
until two or three days have elapsed, when it forms a yellowish-red 
liquid which, on opening the tube, changes to purple. In order to 
prevent the product from undergoing oxidation in the air, an action 
which readily takes place in the presence of ammonia, the contents of 
the tube are at once added to hydrochloric acid, which precipitates 
the pyridine compound, together with a small quantity of benzyl- 
glutaconic acid. The separation of these substances is easily effected, 
as they differ in their solubility in alcohol. Dihydroxybenzylpyridine 
is insoluble in water and in ether, but dissolves in boiling spirit, 
and on covling, it crystallises out in glittering plates, which melt at 
184°. 

The following analytical data correspond to the formula 
C,H, NO, _— 


I. 0°1898 gram of substance gave 0°4755 gram CO, and 0:0895 
gram H,0O. 

II. 02374 gram of substance yielded 14°6 c.c. of moist nitrogen 
measured at 18° and 754 mm. 


Found. 


sees 
Calculated. I IL. 


a 
ae 
a 


The formation of benzyldihydroxypyridine from ethyl benzyl- 
glutaconate may be interpreted in a manner similar to that of citrazin- 
amide from ethyl aconitate, and may be symbolised as follows :— 


Ethyl benzylglutaconate. Dihydroxybenzylpyridine. 
CH CH 


oN ZIN 
HC CH-C H,°C,H; HC C- H.°C,H; 


C 
C,H,OOC COOC,H, ’ OH-C | C-OH 
4 


An attempt to reduce dihydroxybenzylpyridine to benzylpyridine 
was unsuccessful, ammonia being formed on heating it with 
hydriodic acid at 170—180°. Further experiments are in progress to 
endeavour to obtain the benzylpyridine by a series of reactions which 
lias been frequently applied in analogous cases. 

Benzyldihydroxypyridine is soluble in boiling hydrochloric acid, 
and, as the liquid cools, the hydrochloride separates in colourless 
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prisms. More marked is its acid character, indicated by its ready 
solubility in potash and ammonia, due to the presence of two 
hydroxyl groups. 

Dibenzoyldihydrowybenzylpyridine.—This is obtained by the 
Schotten-Baumann method by dissolving benzyldihydroxypyridine 
in dilute (10 per cent.) potash, and shaking the solution with benzoic 
chloride. The yellow substance which is formed after a short time 
crystallises from alcohol in colourless needles, and melts at 164°. 

Analysis proved the substance to have the formula C.H,.NQ,. 


0°1226 gram of substance gave 0°3425 gram CO, and 00544 gram 


Benzyldihydroxypyridine forms salts, as before mentioned. The 
sodium salt is especially characteristic, being very soluble in water, 
but deposited from the solution in rosettes on the addition of an 
excess of sodium hydroxide. With lead acetate, and with mercuric 
chloride, the solution of the ammonium salt gives white precipitates 
which become purple on standing ; copper sulphate produces a bluish- 
green salt; and silver nitrate a yellow precipitate which decomposes 
at the ordinary temperature. 

Most interesting is the transformation which dihydroxybenzylpyr- 
idine ‘suffers under the influence of the oxygen of the air and of 
oxidising agents. Anammoniacal solution of this pyridine derivative, 
when exposed to the air, becomes purple, and after a short time, a 
solid separates, having a metallic lustre, and capable of dyeing silk 
and wool. On the addition of ferric chloride or of platinic chloride to a 
solution of the pyridine compound in alkali or in hydrochloric acid, 
a yellow dye is deposited which is free from metal. The examination 
of these substances is not yet completed. 

In conclusion, I desire to express my best thanks to Mr. Trotman, 
B.A., of St. John’s College, for the valuable help he has given me in 
the course of this work. 


Gonville and Caius College, 
Cambridge. 
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XVIII.—The Determination of the Thermal Expansion of Liquids. 
By T. E. Tuorre, F.R.S. 


Or the various methods which have been suggested for the determina- 
tion of the thermal expansion of liquids, the one most commonly 
employed is that based upon the use of the so-called “ dilatometer.” 
The dilatometrical method, although indirect and depending upon a 
knowledge of many constants, is comparatively easy of execution, 
and, under suitable conditions, is susceptible of a high degree of pre- 
cision. Hence, practically all our knowledge of the thermal expansion 
of liquids has been gained by its means; mercury and water being, in 
fact, the only liquids of which the expansion has been determined by 
absolute methods. 

The particular arrangement of the dilatometrical method, which I 
described in detail in the pages of this Journal (Trans., 37, 141, 
1880), is capable of affording results which leave little to be desired 
in point of accuracy, at all events, for the special purpose to which it 
was applied. It:is, however, somewhat tedious in operation, and, on: 
account of the size of the apparatus, is not well adapted to the 
occasional determination of the thermal expansion of a liquid in an 


ordinary chemical laboratory.’ I have, therefore, attempted to sim- 
plify it, and in such a manner as not to diminish the ultimate aceuracy 
of the results. In the first place, by reducing the size of the dilato- 
meters to the smallest limit consistent with the proper degree of 
precision, as determined by the error of a thermometer reading, I 
sought to obviate the necessity for long stems and the consequent 
employment of large baths. This would have the further advantage 


of doing away with the correction for the cooled “‘ emergent columns, 
which is, at best, not very satisfactory, inasmuch as the data needed 
for its calculation can only be obtained with approximate accuracy. 
This end was secured by the adoption of the simple device now 
employed in the construction of standard mercurial thermometers, 
which consists in enlarging the bore of the instrument at some point 
in the stem into a small bulb or cavity, in order that the position of 
the zero and 100° point may be determined on each instrument, 
irrespective of its range, without unduly increasing the length of the 
stem or diminishing the interval between the scale divisions. The 
length of the stem of the dilatometer was, in. this way, considerably 
shortened, so that both it and the thermometer could be wholly im- 
mersed in a bath of moderate size. This enabled successive readings 
to be taken with much greater rapidity, and obviated the necessity for 
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the corrections for the ‘emergent columns” of the two instruments, 
thereby diminishing the time and labour required, both in the actual 
observations and in the subsequent reductions. 

It may be advisable to describe in detail how this result has actually 
been obtained. 

Construction of the Dilatometers.—In the outset, it was attempted to 
realise as many as possible of the following conditions, or, should 
some be found to be mutually inconsistent, to obtain the best working 
compromise :— 

1. It was desirable that the bore of the tube should be of such 
dimensions that the dilatometer could be readily filled with the liquid 
by means of a capillary tube, and in a reasonable time. Of course, it 
is not absolutely essential that the dilatometer shall be always so 
filled. In the cases of liquids which are comparatively volatile, and 
which suffer no change on exposure to air, the dilatometers might be 
filled by heating in the ordinary way; but frequently this method is 
inadmissible. And, moreover, even when applicable, experience has 
shown that it is not to be preferred to the method which I formerly 
described (Joc. cit.), which has the advantage of being generally avail- 
able, even in the cases of fuming, hygroscopic, or inflammable liquids ; 
the latter method also requires only the minimum quantity of liquid, 
and allows the operation of filling to be so regulated that the level of 
the liquid may be readily brought to any desired point in the stem 
of the dilatometer. 

2. The thermometers to be employed were a set of standard 
instruments of the Geissler pattern. They were made of Jena 
glass, divided into 0°5°, and were provided with the auxiliary bulbs 
already referred to. Each instrument was about 33 mm. long. It 
was desirable, therefore, that the dilatometer stems should not be 
longer than the thermometers, so that a bath of moderate capacity 
might be used, and all corrections for emergent columns avoided. 

3. The capacity of the bulb should be as small as possible, in 
order to allow measurements to be made with the minimum quantity 
of liquid. 

4. The relative dimensions of the bulb and tube should be such 
that, with a liquid of average expansibility, the possible errors due to 
reading and calibration shall be of the same order as that introduced 
by the error of the thermometer reading. 

As the second and fourth conditions were incompatible, it was 
necessary, as already indicated, to employ two dilatometers, the first, 
or low-range, dilatometer having a plain tube of sufficient capacity to 
contain the liquid when expanded, say, from 0° to 100°, and being 
divided into 250 mm.; the second, or high-range, dilatometer having 
a bulb just above its zero point, and divided as seen in Fig. 1, and 

u2 
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admitting of a range of, say, from 100° to 180° in the upper part of 
its scale (40—240). This leads, in the case of the second instrument, 
to a fifth condition, namely, that the expanding liquid should be near 


,—— 


a 


Fig. / 


the bottom of the upper scale (say, at about 40) when the tube of the 
low-range dilatometer is filled as far as practicable. 

The first point to be determined was the smallest working diameter 
of the dilatometer tube. After a number of trials with tubes of 
diameters ranging from 04 to 15 mm., it was decided to adopt 
0°7 mm. as the minimum working diameter consistent with ready 
filling and cleaning. It is, of course, possible to fill a dilatometer 
having a stem of a diameter 0'4 mm., or perhaps even less, but, in 
addition to the excessive amount of time which would be needed in 
the filling and in cleaning, there is a serious risk to the instrument, 
due to the difficulty in handling the very slender and fragile capillary 
tubes required. These, if broken, become so fixed in the narrow stem 
that the instrument is rendered useless. The approximate diameter 
being settled, a large number of tubes of about this bore were selected ; 
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these were divided into lengths of about 30 in., and, from each, 
short pieces were cut off the ends, the diameters of the short pieces 
being measured by a horizontal cathetometer belonging to the Physical 
Department of the Royal College of Science. Tubes obviously conical, 
as indicated by the wide difference in the diameters at each end, were 
rejected. The remainder were then roughly calibrated, each with a 
single thread of mercury, the tube being placed upon a steel milli- 
metre scale, and the readings made by eye—that is, unassisted by a 
lens. The tube showing least variation in the thread lengths was 
then fastened with wax to a millimetre scale and again tested by the 
step-by-step method by means of the Brown-Cassella calibrating 
instrament. By this rough test, one end appeared to be nearly 
cylindrical, and the other only very slightly conical. This tube was 
then cut in half, and one end of each expanded into a wider tube to 
form the bulbs of the instruments, the ends so expanded being those 
which were originally together. 

The dimensions of the bulb had next to be settled. As to its shape, 
a cylindrical form was obviously to be preferred, on account of the 
greater certainty which it offers of uniformity of temperature in the 
case of badly conducting liquids. As to the capacity, let 


Vo = volume (in c.c.) of bulb at f. 
a = apparent coefficient of expansion of liquid. 


Then the change in volume éV due to an increase of temperature éT 
is 


éV — V,aéT. 


Assuming that the maximum possible error in a thermometer reading 
is 0'01° (éT), and let 2 = 0°001 (an average value), then the smallest 
volume it is required to measure is 


6V = V, x 0001 x 0°01 = (Vy x 10) ce. 


But 6V is determined by the possible errors due to reading and 
calibration. If this be taken as 0°02 of a scale division and the 
volume of one scale division be V’, then 6V = 0°02V’. A preliminary 
determination gave 0°000654 c.c. as the value of V for the low-range 
dilatometer; hence the bulb must hold not less than 1‘3.c.c. In the 
high-range instrument V = 00006838 (approximate), and allowing 
a possible error of reading for the higher temperature of 0°025 mm., 
V, is determined from 


Vo. x 10° = 0:025 x 0:000683 or V, = 1°71 c.c. 


The main difficulty in the construction of the dilatometers con- 
sisted in obtaining the proper capacity of the auxiliary bulb of the 
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high-range instrument. This had to be twice adjusted, the second 
time after the completion of the calibration of the upper part of the 
tube. Its calculated capacity, supposing it to hold the overflow of 
liquid in expanding from 0° to 100°, is 1°71 x 100 x 0°001 =0°171 c.c. 
The final adjustment gave 0°176 c.c. 

The final calibrations of the stems were made after the ends were 
expanded, but before the bulbs were actually fused off. The 
measurements were made by the Brown-Casella instrument, and 
these were treated by Von Oecttingen’s modification of Bessel’s 
method with the introduction of the mode of dealing with the addi- 
tional measures suggested by Riicker and myself in the “‘ B.A. Report 
on the Calibration of Thermometers ” (B.A. Report, 1882, 46). 

The first instrument was calibrated over the whole scale, 7.e., from 
0 to 250; the second over the range 40 to 240. The results of 
the application of the second approximation would appear to show 
that the errors after applying the correction curve do not exceed 
0°02 mm. 

The bulbs were then fused off in such manner that they should 
have as nearly as possible the required internal volume. Before 
determining their exact capacity, the dilatometers were alternately 
heated to about 200°, and cooled to about 30° over a hundred times’ 
in the manner described by Crafts, in order to minimise their 
tendency to assume a per saltum change of volume with change of 
temperature. 

Determination of the Dilatometer Constants.—The estimation of the 
mean value of a scale division and the determination of the co- 
efficients of expansion of the glass of each dilatometer were effected 
by means of mercury. To purify the mercury employed, it was first 
distilled and allowed to fall in a thin stream through dilute nitric 
acid (1:4); after washing with distilled water, it was shaken in 
successive small quantities with concentrated sulphuric acid, again 
washed, dried by lime, filtered through paper, and, lastly, redistilled 
in vacuo in a Clarke’s apparatus. The dilatometer, after being 
cleaned and dried, was weighed. The weighings in all cases were 
made with standard weights and by the method of vibrations, and 
were reduced to a vacuum. To fill the instrument with purified 
mercury, it was tied by platinum wire to a piece of thin glass rod a, 
bent as indicated in Fig. 2, and passing through the caoutchouc cork b 
which fits tightly into the tube A. Through the same cork passed 
the narrow glass tube T ending in the curved and sealed capillary t.' 
The tube A contained a small quantity of mercury, and a few drops 
were also introduced into the bulb of the dilatometer by means of a 
capillary tube. The tube was connected at D with a five-fall Sprengel 
pump, and then carefully exhausted. The tube and dilatometer were 
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then heated, and the mercury caused to volatilise, the action of the 
pump being meanwhile steadily maintained. The tube was allowed to 
cool slightly, the pump being still in action, and a beaker containing 
pure dry and warm mercury was raised round the capillary ¢’, the end 


of which was snipped off below the surface of the liquid when the 
metal slowly flowed into the tube and eventually completely filled the 
dilatometer. The action of the pump was now stopped, and the whole 
put into communication with the air by breaking off the end of C; the 
excess of mercury in A was siphoned back, and when cool, the dilato- 
meter was removed. It was next placed in a jacketed vessel containing 
ice shavings, the space between the jacket and ice vessel being packed 
with cotton wool. Mercury was then withdrawn from the dilato- 
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meter by means of a capillary tube until the level of the meniscus 
stood below the extreme upper division. After standing in the ice 
for a sufficient length of time to be assured that the mercury had 
acquired the temperatare of the ice, the level of the liquid in the 
stem was read by a small table cathetometer. This instrument, 
which will be described elsewhere in connection with an investigation 
for which it was specially designed, was made by the Cambridge 
Instrument Company; it is fitted with a Hilger micrometer eye- 
piece by which successive readings could be taken not differing more 
than 0°003 mm. 

After the position of the mercury had been noted, the dilatometer 
was removed from the ice, dried, and weighed. A further portion of 
the mercury was removed and the level again read in ice as before, 
and the instrument again weighed. It was next placed in the 
apparatus used for determining the upper fixed points of the ther- 
mometers, and the level of the mercury noted in steam issuing at 
atmospheric pressure was determined by a standard barometer. The 
operations were repeated until the level of the mercury reached the 
lower limit of the graduated scale: The results obtained in the 
case of Dilatometer I were as follows :— 

Reading (correct for 

Temp. Weight. calibration). 

0° 21-0939 grams 249-49 

0° 20°7029__—s,, 205°44 
99°71° - 240°88 

0° 20-0750 134-96 

0° 19-4408 63°56 
100°34° ” 97°04 

0° 189013 2°89 
100°33° - 35°46 


Mean Value of a Scale Division. 


I and VII 0°00065415 
0°0006539 3 

II and VII 000065426 
IV and VII 000065423 


Mean 0°00065415. 


Value of Coefficients of Apparent Expansion 


From ILfand III 0°00015268 
» vem. VI 0°00015263 } Mean 0°00015268. 
» WIland VIII ...... 000015272 


4 


Using Broch’s value for the coefficient of expansion of mercury, 
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viz., 000018217, we obtain for the coefficient of expansion of the glass 
= 0°00002949. 

The dilatometer was refilled as before, and the observations were 
repeated by an independent observer (Mr. G. N. Huntly). The 


results were 


Mean value of a scale division 0°0006540 
Coefficient of expansion of glass 000002950 


Two independent determinations of the capacity of the bulb to the 
zero mark gave 


1:3883 c.c. 
13880 ,, 


Hence capacity of bulb in unit volume (mean scale divisions) = 
2122°43. 

The values of the same constants for Dilatometer II were found in 
exactly the same manner. These were 


Mean value of a scale division 000068424 
Coefficient of expansion of glass .... 0°00002950 
Capacity of bulb 

Capacity of auxiliary bulb 


By combining these values with the results of the calibration 
curves, obtained as already described, tables were constructed show- 
ing the volume at each division of the dilatometer in terms of the 
mean value of a scale division. 

Lastly, a small and most carefully ground stop-cock was fused on to 
the end of each dilatometer, care being, of course, taken that the bore 
of the stop-cock was in exact line with that of the stem, so as to permit 
of the introduction of the fine capillary tube. 

Cleaning and drying the Dilatometers. Introduction of the Inquids. 
--The dilatometers from time to time were cleaned with dilute nitric 
acid and rinsed out with distilled water, alcohol, and ether, and 
thereafter dried. To dry them, they were placed in a copper bath, 
heated by a small flame, and air, filtered through cotton wool, and 
dried by oil of vitriol, was slowly aspirated through them by means 
of a long capillary tube reaching down tothe bulb. The liquids were 
introduced by the arrangement seen in Fig. 3, which is similar in 
construction to that formerly described (loc. cit.), but of smaller 
dimensions. 

The dilatometer is placed on the brass frame aa sliding on the rod 
5; it can be raised or lowered at will and can be fixed in any desired 
position by means of the clamping screw. The liquid to be intro- 
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duced is contained in a small flask or bottle, c, through the cork of 
which is inserted the capillary tube of sufficient length to pass down 
into the bulb of the dilatometer. To force the liquid over, the air in 
d is compressed by raising the vessel e, filled with mercury, to the 


Feg.3. 


pulley f, and the stop-cock g is turned. Just before sufficient liquid 
has passed over, e is again lowered, and, if necessary, the stop-cock h 
is opened, whereby the pressure of air in ¢ is brought to that of the 
atmosphere. The rod carrying the dilatometer is then lowered as the 
stem becomes gradually filled with liquid until the end of the capil- 
lary is brought to the desired point, when h is closed and g opened; 
the mercury flows down into e, and in consequence of the diminished 
pressure of the air in c, the liquid is drawn back through the capil- 
lary until the end is uncovered. In this way the level of the liquid 
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in the stem can be readily adjusted. If necessary, the bulb of the 
dilatometer may be surrounded by ice or immersed in water of known 
temperature. 

The liquid in the dilatometer is then heated to the highest tempe- 
rature at which measurements are to be made, and the stop-cock is 
closed. The dilatometers, after standing for some hours, are placed in 
melting ice in the apparatus previously described as having been used 
for the determination of the thermal expansion of the glass, and the 
position of the liquid in the stems is accurately noted as soon as the 
level is constant. 

The Baths.—The dilatometers, together with the thermometers, are 
next placed in the brass frame, Fig. 1; they are held in position by 
sliding clips, which can be fixed by small milled-head screws. The 
frame carrying the instruments slides into grooves in the sides of 
the internal chamber of the bath, which, as will be seen from Fig. 4, 


L 


Fug. + 


is divided into two compartments. The inner compartment, which 
thas the dimensions 10°5 x 83 x 40 cm.,and hence has a capacity of 
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34 litres, is provided back and front with plate glass sides; the rest 
of the bath is of brass. The walls of both compartments are fur- 
nished with guides along which move stirrers consisting of brass 
plates pierced with holes drilled obliquely and attached to suitable 
rods and cross pieces. The stirrers are best worked by a small water 
motor, connected with the upper cross piece by a cord and pulley 
urrangement as shown. 

During observations at temperatures above that of the atmosphere, 
the bath is heated by one or more Bunsen burners, protected from 
draughts by a zinc screen fitted with glass windows in order that the 
flame may be seen. The gas supply is best regulated by a quadrant 
tap fixed to the side of the table close to the observer’s hand. Tem- 
peratures below that of the atmosphere are obtained by introducing 
fragments of ice into the outer compartment of the bath. 

The double bath not only tends to keep the liquid surrounding the 
dilatometer of a uniform temperature, but it also has the advantage 
that the liquid in the inner compartment need not be renewed very 
frequently, as any dirt or dust which may be introduced by adding 
ice or hot water in regulating the temperature is confined to the 
outer compartment. 

For temperatures below 100°, water was used in the baths; for 
higher temperatures, glycerin was employed. This at 50° or 60° is 
sufficiently mobile to offer no obstacle to the ready movement of the 
stirrers. 

Method of making the Observations.—The readings of the dilato- 
meters were taken by means of the micrometer eye-piece of the small 
table cathetometer previously mentioned. These were accurate to 
within 0°01 mm. The thermometers were read by an independent 
telescope. Readings of the same temperature by different observers 
seldom differed by 0°01°, and were usually identical. 

At the lower temperatures there was no difficulty in obtaining the 
temperature uniform and constant during the readings. At the 
higher temperatures a number of readings (from 12 to 20) of the 
two instruments, (1) with the temperature slowiy rising, and 
(2) slowly falling, are made, and the mean vaiues taken. Of course 
any number of readings may be taken and at as many points as 
may be desired, but for the purpose of calculating formule of the 
type 
Vi = Vo + at + BP + Y?"', 


which is the conventional mode of expressing the thermal expansion 
of a liquid for temperatures below its ordinary boiling point, it is con- 
venient to take series of readings at 12 approximately equidistant 
temperatures between 0° and the boiling point of the particular liquid 
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under investigation, two auxiliary readings being taken as a check 
when both dilatometersare employed. The volumes of Dilatometer II 
are referred to Dilatometer I by multiplying by V,/V2, the volumes 
in both cases being expressed in terms of the mean scale division. 

I have pleasure in acknowledging my great indebtedness to 
Mr. G. N. Huntly, and to Mr. Lionel M. Jones, B.Sc., Associates 
of the Royal College of Science, for their skilful and intelligent 
assistance. 


XIX.—The Thermal Expansion and Specific Volumes of certain 
Parafins and Paraffin Derivatives. 


By T. E. Tuorre, F.R.S., and Lionet M. Jones, B.Se., Assoc. Royal 
College of Science, South Kensington. 


In the course of an investigation on the viscosity, or internal friction, 
of liquids, it became necessary to determine the thermal expansion of 
a number of substances of which the dilatation by heat was hitherto 
unknown. In the present communicaticn, we desire to put on record 
the results of these measurements. They have some importance, not 
only as tending to complete the physical history of the particular 
liquids, but as furnishing further material towards a fuller discussion 
of the question of the validity of Kopp’s laws of specific volume, and 
as throwing light on certain aspects of the general problem which 
have been the subject of experimental inquiry during recent years by 
Buff, Schiff, Schréder, and more especially by Lossen and his pupils. 

All the liquids experimented upon by us had already served for 
determinations of their internal friction. For some of them we are 
indebted to the liberality of Dr. Perkin; these are portions of the 
samples used by him in his investigation on the Magnetic Rotatory 
Polarisation of Compounds (Trans., 45, 421, 1884). Most of the 
paraffins were prepared by the late Professor Schorlemmer ; the 
mixed ketones we owe to Professor Japp; the isoprene to Professor 
Tilden ; and the active amyl alcohol to Mr. J. E. Marsh. We beg to 
express our thanks to these gentlemen for their kindness in placing 
their preparations at our disposal. 

The method of observation employed in the determination of the 
thermal expansion is identical with that described in the previous 
communication, the dilatometers used being those of which the 
numerical constants are therein given. 
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Pentane, CH,(CH,),CHs. 


The sample, on distillation from sodium wire, boiled between 36° 
and 38°; bar. 765°5 mm. 
The dilatometrical observations gave :— 


Obs. Cale. 4 b Cale. 


° 
2148 *82 2148 *86 , | 2212°24 2212 °22 
2160 90 2160°81 ; | 2220°65 2220 °76 
“3 2171 °37 2171 *42 ' 2230 *69 2230 °60 
9° 2179 62 2179 °75 ; 2240 *72 2240 *68 
12°65 2189 °04 2188 99 . 2249 -93 2249 *96 
16°13 2200 *54 2200 *46 : 2259 *62 2259 ‘62 


The observed volumes may be expressed by the formula 
Vi = 2148°864 + 3°0839044¢ + 0°0065559037 + 0:00003437006*', 


which affords the calculated values given above. 
Dividing through by the first term and correcting for the expan-: 
sion of the glass, we obtain 


Vi = 1 + 0°0,14646¢. + 0°0,3093194 + 0°0,16084#, 


by the aid of which the following table, showing the relative volume 
of pentane at every 5° between 0° and its boiling point, is calculated :— 


Vol. 


1 -00000 
1°00740 
1°01497 
1 °02272 
1 °03066 


Dr. Perkin found the relative density of pentane to be 
d 15°/15° = 0°63373 and d 25°/25° = 0°62503. 


These values, on reduction by means of the foregoing formula, give 


respectively d0°/4° = 0°64758 and 0°64741 ; mean, 0°64750. 
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Isopentane (Dimethylethylmethane), (CHs),CH*CH,°CH;. 


The liquid, on distillation from sodium wire, boiled between 29° 
and 32°; bar. 763-4 mm. Dr. Perkin, who examined the magnetic 
rotation of the same sample, found the same boiling point. 

The observations for expansion gave :— 


os Obs. Cale. t. Obs. Cale. 


| 2146-48 2146 °46 16°30 2199 *64 2199°74 
| 2155°64 2155°51 18°38 2207 10 2206 *98 
| 2165 *11 2165 °26 20°73 2215 *27 2215 °28 
2173-01 2173 °05 22 *94 2223 °36 2223 20 
| 2181°41 2181 °43 25°18 2231 °35 2231 °34 


COOBAW © 
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2189 ‘96 2189 -90 26 ‘91 2237 *54 2237 71 


The observed values lead to the following formula for the apparent 
expansion :— 


V, = 2146°462 + 3:0884299¢ + 0°01084785 + 0:0000146593%', 


which gives the calculated values in the above table. 

On dividing through by the first term and correcting for the expan- 
sion of the glass, we obtain the following formula, as expressing the 
absolute expansion of isopentane :— 


Vi = 1 + 0°0,146834¢ + 0°0,5096262 + 0,6979%, 


by means of which the following table, showing the relative volume 
of isopentane at every 5° between 0° and its boiling point, is calcu- 
lated :— 


Vol. 


— 1°03146 
747 1 -04000 
773 1 04882 
799 ’ 1 -04954. 


According to Dr. Perkin (loc. cit.), the relative density of isopent- 
ane is 


d15°/15° = 0°62479 and d25°/25° = 0°61590. 
On reduction by means of the foregoing expression, these numbers 
become respectively 
d0°/4° = 0°63874 and 0°63869. Mean = 0°63872. 
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Tsohexane (Dimethylpropylmethane), (CH;)2.CH*(CH,).°CH;. 


Obtained from Professor Schorlemmer. It boiled at 62°. 
The observations for expansion gave :— 


Obs. | Cale. ; Obs. Cale. 


2140°73 2140 *57 29°87 2229 53 2229 -63 
2158 °28 2158 *31 34°93 2245 “68 2245 °73 
2170 36 2170-49 39 °68 2261 °37 2261 °22 
2185°17 | 2184°53 45 16 2279 °78 2279 -60 
£200°94 | 2201°29 49 83 2295 *73 2295 72 
2215 °85 2216 °14 54°66 2312 °70 2312 °89 


The observed values lead to the formula 
Vi = 2140°569 + 2°86991962 + 0°00200561912 + 0°000057914082. 


Dividing through by the first term and correcting for the expansion 
of the glass, we obtain for the absolute expansion of isohexane 


Vi; = 1 + 0°0,137022¢ + 0°0,976492 + 0-0,29819#, 


by means of which the following table, showing the relative volume 
of isohexane at every 10° between 0° and its boiling point, is calcu- 
lated :— 


Vol. iff. : Vol. 
2 


0 1 00000 _ 40 1 05828 
10 1 01383 1383 50 1 -07468 
20 1 °02803 1420 60 t ‘09217 
30 1*04279 1476 62 1 -09581 


Dr. Perkin found the relative density of the same sample 
d 15°/15° = 0°66334 and d 25°/25° = 0°65538, 
which, on reduction by means of the foregoing formula, gives 


d0°/4° = 0°67662 and 0°67658. Mean = 0°67660. 


Trimethylethylene (8-lsoamylene), (CH;),0:CH°CH;3. 


Prepared from the iodide of dimethylethylearbinol. On distil- 
lation, it boiled between 35°8° and 38°0°; bar. 758°7 mm. A vapour 
density determination gave 35°19 ; calculated, 35°00 (H = 1). 
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The observations of expansion gave :— 


Obs. Cale. be Obs, Cale. 


2149°77 2149 ‘86 2208 *60 2208 *58 
2161 °20 2161 °18 2217 60 2217 °59 
2167 ‘91 2167 °84 2229 °74 2229 ‘79 
2177 °12 2177 °05 . | 2240°54 2240 °61 
2187 *37 2187 -49 2252 °23 2252 °16 
2196 86 2196 “81 2261 °S1 2261 *81 


From the observed values the following formula results :— 


Vi = 2149°866 + 3°072632¢ + 0:007185091# + 0-00000708768¢. 


This, by dividing, through by the first term and correcting for the 
expansion of the glass, yields as the formula for the absolute expans 
sion of the trimethylethylene ° 


Vi = 1 + 0°0,145871¢ + 0:0,3384352 + 0°0,3395368, 


From this is calculated the following table, giving the relative 
volume of the liquid for every 5° between 0° and its boiling point :— 


| 
t. Vol. iff. ‘ Vol. 


.) 
0 1 ‘00000 one 1 03864 
5 1 -00738 1-04690 
10 1 01493 755 1 -05535 
15 1 “02265 772 105774 
20 1 -03055 790 


The relative density of trimethylethylene was found by Dr. Perkin 
to be 
d 15°/15° = 0:67037. d 25°/25° = 0°66143, 
which, by calculation with the above volumes, gives 


d0°/4° = 0°68498 and 068501. Mean = 0°68499. 


Isoprene (Pentine), C;Hg. 


Obtained by Dr. Tilden from turpentine. On distillation, the 
greater part boiled between 35°5° and 36°1°. A vapour density deter- 
mination gave 35°73; calculated, 340. : oh 

The obsetvations of thermal expansion gave :— 

VOL. LXiI. 
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Obs. Cale. 3 Obs. Cale. 


2129°71 2229 *64 s 2185 48 
2143 -60 2143 °58 x 2195 °40 
2149 °21 2149 *28 3° 2205 *17 
2157 -40 2157 59 ‘ 2215 *67 
2168 °20 2168 °12 . 2224 °56 
2176 °50 2176 36 . . 2235 °26 


The observed values lead to the formula 
V; = 2129°636 + 3°0470972¢ + 0°0020353992 + 0°0001192315#, 


from which the calculated numbers are derived. After dividing by 
the first term and correcting for the expansion of the glass, the 
formula for the true expansion is obtained 


V;=1 + 0°0,14603¢ + 0°0,997932 + 0°0,560149#, 


From this the following table of the relative volumes of isoprene is 
calculated :— 


Vol. 


1 -00000 
1 00733 
1°01476 
1 °02232 
1 -03005 


The relative density as determined by Dr. Perkin was 
d 12°/12° = 0°6794. 

On reduction by the above formula, this yields 
d 0°/4° = 0°6912. 


Trimethyl Carbinol, (CH;),;COH. 


The sample of this substance, received from Dr. Perkin, had been 
distilled with baryta and kept in a fused state over anhydrous copper 
sulphate for many weeks, On distillation, it boiled between 81°9° 
and 82°4°; bar. 756°1 mm. 

The determinations of vapour density would seem to indicate that 
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the sample, in spite of the prolonged desiccation, was still imperfectly 
dehydrated. 
34°62 and 34°97 
-- 37:00 


Unfortunately the quantity of the substance was insufficient to enable 
us to submit to further dehydration. 
The dilatometrical observations gave :— 


Obs. Cale. ; Obs. 


19°59 2134 °04 2133 +57 2225 -4 
24°19 2145 -88 2145-97 2241 °68 
31°25 2164-92 2045 *30 2258 ‘OL 
35 “96 2178-48 2178°48 2274-97 
41°13 2193 *24 2193 26 2293 °71 
46°21 2208 -19 2208 17 2310°17 


These observed values yield 
Vi = 2081°418 + 2°6706988¢ — 0:0019138328# + 0:00007523914. 
by which the calculated numbers in the above table are obtained. 


From this the following formula for the absolute expansion of 
the trimethylcarbinol is obtained :— 


V; = 1 + 0°00,131261¢ — 0°0,88155# + 0°0,36120878, 


by which the following table, giving the relative volumes of the 
liquid for each 10° between 0° and its boiling point, is calculated on 
the assumption that the expansion formula is applicable down to 0° :— 


t. Vol. Diff. q Vol. 


1 -00000 — 1 06794 
1°01307 1307 1 08338 
1 -02619 1312 1 -09995 
1 -03956 1337 1°11786 
105341 1385 2 1 *12201 


The relative density as determined by Dr. Perkin is 
d 25°/25° = 0°78356. d 35°/35° = 0°77605. 
On reduction by means of the foregoing formula, we obtain for the 
density at 0° 


d0°/4° = 0°80695 and 0°80737. Mean = 0°80716. 
x2 
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Dimethylethylearbinol, CH;-C(OH)-CH,-CHs. 
| Received from Dr. Perkin. After standing over anhydrous copper 
sulphate for five months, the liquid was found to boil betwen 101°6° 
and 102°5°; bar. 766°9 mm. ' 
Two determinations of its vapour density gave 41°00 and 41°37; 
calculated, 44°0. ’ 
In spite of the prolonged digestion with copper sulphate, the liquid 
was apparently not completely dehydrated. 
The expansion observation gave the following results :— 


Obs. Cale. 


Cale. 


Obs. 


0°0 2126 °85 2126 66 5434 2262°35 2262 14 
19°62 2150 43 2150 *52 62°57 2286 *74 2286 36 
17°70 2166 *90 2167: 00 71°35 2312 99 2313 °58 
27°45 2190 °35 2190 57 79 *22 2339 °28 2339 *31L 
36°: 9 2213 °28 2213 °20 90°56 2377 °62 2378 °03 
45 °02 2236°25 2236 °11 96 64 ' 2401 °58 2401 °14 


From the observed numbers the following formula is derived :— 
V; = 2126°659 + 2:2044768¢ + 0:003687091# + 0-0000299174232, 


by means of which the calculated values are obtained. 
Dividing by the first term and correcting for the expansion of the 
glass, we obtain the formula for the absolute expansion 


Vi = 1 + 0°0,106608 + 0°0;176432¢ + 0:0,141189%. 


From this is calculated the table of volumes of the liquid at every f 
10° between 0° and its boiling point :— 
—_ 
Diff. Vol. 
b 
: h 
0 1-00000 —_ 60 1 07337 te 
10 1°01085 1085 70 1°08811 1474 mi 
20 102214 1129 80 1°10381 1570 
30 1 -03395 1181 90 1°12053 1672 
40 1°04637 1242 100 1°13837 1784 “ 
50 1°05948 1311 101 3 1°14077 — 


Dr. Perkin found the relative density of the liquid to be 
d 15/15 = 0°81438, d 25/25 = 0°80689, 

which, after reduction by means of formula given above, gives 

d 0°/0° = 0°82707 and 0°82677. Mean 0°8269, 
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which is almost identical with the number found by Wischnegradsky 
(Ann. Chim. Phys., 190, 334), viz., 08270. 


Optically Inactive Amyl Alcohol, (CH;),CH:CH,CH,0H. 


Prepared for us by Mr. A. Greeves, Assoc. Royal College of 
Science, by Pasteur’s method. When examined in the Soleil-Duboseq 
polarimeter with a sodium flame, not the least indication of rotation 
was apparent. After dehydration by anhydrous copper sulphate, it 
boiled constantly between 131°75° and 131°80°; bar. 762°0 mm. ; corr. 
and red. b. p. = 131°4°. 

A determination of its vapour density gave 44°18; calculated, 44-0 
(H = 1). 

The observaticns with the dilatometer gave :— 


t. Obs. Cale. 


0-0 
13-05 
24-88 
36°13 
48-24 
59°59 


2129 ‘07 
2153 °47 
2176 °48 
2199 21 
2224 °96 
2250 °14 


2128 *63 
2153 °63 
2176 76 
2199 *44 
2224 °89 
2249 97 


72-48 
83°28 
97°13 
107 ‘87 
116-99 
125-96 


2280 *42 
2307 °24 
2344 °54 
2376 °20 
2404 49 
2433 °35 


2280 *24 
2307 *30 
2344 66 
2375 *89 
2404 °28 
2433 86 


et A 
| 


The observed values lead to the following formula :— 
V; = 2128°63 + 1:9042945¢ + 0:0005064091# +- 0°0000286915#, 


from which the calculated values are obtained. 
This leads to the formula 


Vi = 1 + 0°0,92410¢ + 0°0,264287 + 0013485897, 


by which is calculated the volumes of the liquid for every 10° 
between zero and the boiling point as given in the following 
table :— 


Vol. 


1-00000 
1-00928 
1 -01870 
1 -02832 
1°03825 
1°04855 
1 05931 
1-07061 
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Two separate observations of the density were made with the results 
d0°/4° = 0°82535 and 0°82536. 


Optically Active Amyl Alcohol, CH,-CH,-CH(CH;)-CH,0H. 


We are indebted to Mr. J. E. Marsh, Oxford, for the specimen of 
optically active amyl alcohol which has served for our observations. 
Its rotatory power was —7° 34’ per 200 mm. at 10°. It was placed 
over fused potassium carbonate for 18 days and then disiilled. It 
boiled between 127°°5 and 129°5°; bar. 751°8 mm. 

A determination of.its vapour density gave 43°46 ; calculated, 44°00 
(H = 1). 


The observations for expansion gave :— 


t. Obs. Cale. —~ t. Obs. Cale. 


0°0 2126 “82 2126°85 71°34 2277 °28 2277 -30 
12 47 2150 °04 2150-09 80 76 2301 °58 2301 °57 
24°55 2173 *64 2173 °55 92 *65 2334 °13 2334 03 
35°23 2195 *32 2195 °24 100 °04 2355 °08 2355 °38 
47°17 2220 °82 2220 :76 109 :89 2385 °19 2385 *36 
58°28 2245 °76 2245 *89 121°35 2423 °04 2422 °56 


These observations lead to:the following formula for the apparent 
expansion :— 


Vi = 2126°85 + 1°8306664¢ + 0°00237863# = 000002156062, 


by means of which the calculated values in preceding table are 
derived. ; 

Dividing by the first term and correcting for the expansion of the 
glass, we obtain the formula for the true expansion of optically active 
amy! alcohol 


V; = 1 + 0°0,89023¢ = 0:0;114376/ + 0°0,1017029%, 


by means of which we obtain the following table of the volume at 
every 10° up to the boiling point :— 


. 


SSESESoe 
ee ee eS 


1°15520 
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Two observations of the density gave 
d 0°/4° = (1) 83293, and (2) 0°83311. Mean 0°83302. 


Methyl Ethyl Ketone, CH;-CH,°CO-CH;. 


Prepared from ethylic methacetoacetate by Bicking’s method 
(Annalen, 204,17). After treatment with anhydrous copper sulph- 
ate, it boiled between 79° and 83°; bar. 7728 mm. The quantity of, 
the liquid was insufficient to allow of fractionation. 

A determination of vapour density gave 35°14; calculated, 36-00. 

The observations for expansion gave :— 


Obs. Cale. t. \ Cale. 


fo) 
2129-70 2129°96 41°70 2244 °25 
2148°69 2148 -58 48 ‘87 2266 -02 
2166 °73 2166 -57 55 *67 , 2287 °18 
2184-68 2184 °55 62°45 2308 *77 
2206 °69 2206 *42 69°10 2330 *37 
2223 ‘91 2224 *32 75°61 2351 °91 


The observed volumes lead to the apparent expansion formula 


Vi = 2129°963 + 2°464481¢ + 0007106213 —0-00001157599#, 


from which the calculated numbers are obtained. On dividing by - 
the first term, and correcting for the expansion of the glass, the 
formula for the absolute expansion is obtained 


V; = 1 + 0°0,118654¢ + 0°0,3370432 —0°0,5336458, 


from which is calculated the following table of relative volumes :— 


Vol. Diff. t. Vol. 


°e 

1 00000 _ 50 1 °06709 
101220 1220 60 1+08217 
1°02504 1284 70 1°09774 
1 -03849 1345 80 1°11376 
1°05251 1402 80 1°11474 


Two determinations of the density were made, giving results 


(1) d0°/4° = 0°82964, (2) d0°/4° = 0°62958. Mean 0:82961. 
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Methyl Propyl Ketone, CH;(CH,),CO-CH;. 


A sample of this liquid, lent to us by Dr. Japp, was placed over 
anhydrous copper sulphate and submitted to fractional distillation. 
The portion used for the observations boiled between 102°45° and 
102°80°; bar. 775°4 mm. 

Two determinations of vapour density gave 42°97 and 42°78; cal- 
culated, 43°00. 

The observations for thermal expansion gave :— 


Obs. 


Cale. 


Obs. 


Cale. 


2132 09 
2152 °94 
2176-10 
2198 *94 
2220 -02 
2246 -00 


2132 °12 
2152 -94 
2176-07 
2198°97 
2221 °92 
2246 ‘07 


53 69 
62°93 
71°70 
80°73 
83°72 
89°74 


2271 -30 
2298 -06 
2324 *23 
2351-40 
2361 °51 
2380 *28 


2271 °37 
2298 06 
2324 °16 
2351 *82 
2361 °15 
2380 *22 


The calculated values are obtained by means of the formula 


Vi = 2132120 + 2°348284 + 0°00446257 + .0°000001971608¢, 


derived from the observed numbers. 
From this we obtain the formula for the true expansion 


Vi = 1 + 0°0,113087¢ + 0-0,2125507 + 0-0,986448, 


by means of which the following table of relative volumes is calcu- 
lated :— 


Vol. 


Vol. 


1°00000 
1°01152 
1°02347 
1°03587 
1 ‘04870 
1°06198 


1152 
1195 
1240 
1283 
1328 


° 


60 
70 
80 
90 
100 
101 °7 


1 -07572 
1°08991 
1°10458 
1°11971 
1°13533 
1°13803 


Dr. Perkin found the relative density of methyl propyl ketone 


d 15°/15°. =. 0°81238 and 0°81233. Mean 0°81236. 
d 25°/25° = 0°80447 and 0°80423. Mean 080435, 
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These, by reduction by means of above formula, give 
d 0°/4° = (1) 0°82593 and 0°82578. Mean 0°82585, 


Diethyl Ketone, CH;CH.CO*CH,.CH;. 


Prepared from barium propionate by Krafft’s method. 

It boiled between 101°2° and 102 0°; bar. 745°3 mm. 

A vapour density determination gave 41°98; calculated, 43:0. 
The observations for expansion were as follows :— 


Obs. Cale. . Obs. Cale. 


2130-02 2129-91 2269 °75 2269 *74 
2159 22 2159 *29 2295 °73 2295 °67 
2181 °27 2181°31 2319 ‘61 2319 67 
2204 °32 2204 °32 6 2345 ‘77 234586 
2223 *24 2223 30 2375 ‘76 2375 °79 
2248 -82 2248 °77 2398 ‘98 2398 °85 


These observations lead to the formula for the apparent ex- 
pansion 


V; = 2129-908 + 2°3938717¢ + 0°003942079# + 0°00000670395568, 


from which are derived the calculated values in the foregoing table. 
After dividing by the first term and correcting for the expansion of 
the glass, the following formula is obtained for the true expansion :— 


Vi = 1 + 0'0,115342¢ + 0°0;1883962 + 0°0,3202118, 


by means of which the following table of relative volumes of 
diethyl ketone.is calculated :— 


Vol. Diff. . ; Vol. 


cor 
1-00000 — 60 1 07668 
1°01173 1173 70 1 ‘09167 
1 °02385 1212 80 1 *10597 
1 -03638 1253 90 1°12140 
1 -04936 1298 100 113738 
1°06278 1342 102 °1 1°14081 


SESSSco 


The density at 0° is given by Chancel (Compt. rend., 99, 1055) 
= 08335, ,; 
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Propionic Anhydride, (CH,CH,CO,)0. 


A quantity of this liquid, prepared by Kahlbaum, was shaken with 
a small quantity of phosphoric oxide for a few minutes, decanted, and 
submitted to fractional distillation. The portion employed for the 
observations boiled constantly between 168°55° and 169°50°; bar. 
765°1 mm. 
Observations for expansion gave :— 


Cale. 


Cale. Obs. 


Obs. 


° 
, 2124°85 2124 °32 89°01 2341 °04 2340 -72 
; 2161 °62 2162 -00 104 °77 2384° 46 2384 °69 
30 *22 2193-40 2193 *55 114°72 2413 64 2413 -73 
44°71 2227 89 2227 ‘88 127 °24 2452 -03 2451°82 
59°72 2264°58 2264 61 134 °64 ’ 2475 °28 2475 *22 
a 2303 °75 2303°73 146°82 - | 2515°01 2515 °25 


- The observations yield the formula 
Vi = 2124324 + 2°255179¢ + 0°000747012 + 0°00001381712¢° 


for the apparent expansion, and from this the calculated values in 


above table are obtained. 
After necessary correction, this leads to the following formula for 


the true expansion :— 
Vi = 1 + 0°0,109109¢ + 0°0,38295 + 0-0,6514617, 


from which the table of volumes is calculated :— 


Diff. Vol. 

0 1 ‘00000 — 90 1 *10605 1298 
10 101095 1096 100 1°11945 1340 
20 1 02203 1107 110 1°13332 1387 
30 1 °03325 1128 120 1°14770 1438 
40 1 °04467 1142 130 1°16263 1493 
50 1 -05633 1166 140 1°17813 1550 
60 1 -06825 1192 150 1°19427 1614 
70 1 -08049 1224 160 1°21106 1679 
80 1 :09307 1258 168 °6 1 °22607 


The relative density is given by Dr. Perkin (J. Chem. Soc., 1857, 
11) as = 10169 at 15°, which, on reduction by the above formula, 
gives d0°/4° = 1:0236. 
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Methyl Sulphide, (CH;),S. 


A large quantity of this liquid, belonging to the chemical collec- 
tions of the Royal College of Science, was dried over phosphoric oxide 
and fractionated. The greater portion boiled constantly between 
37°2° and 37°52°; bar. 756°4 mm. ; corrected b. p. = 37°5°. 

A determination of vapour density gave 31:17. Calculated 31:00. 

Two separates series of observations on the expansion were pers 
formed with the following results :— 


Obs. Cale. . Obs. Cale. 


2143 -89 2143 -77 
2152 ‘02 2152 ‘02 
2162 °25 2162-30 
2169 *56 2169 *54 
2178-20 2178 ‘28 
2189 -27 2189 -22 
2197 -44 2197 45 
2204 53 2204 °55 
2214 39 2214 °36 
2231 °33 2231°13 
2243 -68 2243 *70 
2249 *88 2250 ‘06 


2141 °59 2141 °49 
2154 °27 2154 °32 
2166 °49 2166 *44 
2175 52 2175 69 
2184°78 2184 °65 
2193 70 2193 *55 
2201°19 2201°08 — 
2210 °91 2210 *86 
2219°87 2219°93 
2228 92 2228-78 
2238°01 2238 *06 
2246 °14 2246 °13 


eS 


SEBEBESBcan 


gesresssass~ 


The observed values lead to the apparent expansion formula 


I. Vz = 2141°49 + 2°762640¢ + 0°00447236597 + 0°000055279258, 
Il. Vz = 2143°773 + 2°7935835¢ + 0°004487438# + 0°0000442832#, 


from which the above series of calculated numbers are respectively 
obtained. 

From the mean of these formulx, by dividing by the first term and 
correcting for the expansion of the glass, the true expansion formula 
is obtained 


V; = 1 + 0:0,132607¢ + 0-0,21302146f + 0-0,2329688, 


which yield the following table of volumes :— 


Vol. iff. Vol. 


1-00000 4 108485 
100660 1 04233 
1°05002 
102045 1 -05395 
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Two determinations of density were made :— 


(1.) d0°/4° = 087026 \ evens 
(2.) a07/4* = 087019 f Moen 087022. 


Tsobutylene Bromide, (CH;),CBr-CH,Br. 


A quantity of this substance, procured from Kahlbaum, was placed 
over phosphoric oxide for some days and then distilled. It boiled 
completely between 149°1° and 149°85°; bar. 752°5 mm.; corrected 
b. p. 149°6°. 

The observations for expansion gave :— 


Obs. Cale. L Obs. Cale. 


2129-27 2128 ‘81 77°76 | -2291-04 2290-87 
2157-60 2157 ‘84 88°47 2315 °56 2315 °45 
2181 -06 2181 -29 106°11 2357 -40 2357 °69 
2206 °88 2206 -90 117-11 2384 “95 2385 °28 
2233 77 2133-76 129 -49 2417-79 2417-59 
2263 “12 2263 “11 134-60 2431-46 2131 “34 


the calculated values being obtained from the formula 


Vz = 2128811 + 1-971646¢ + 0°00061783e + 0:00001064332#. 


This leads to the following formula for the true expansion of the 
liquid :— 
Ve = 1 + 0°0,95566¢ + 0°0,317537 + 0°0,500821%, 
from which the following table of the relative volume of isobutylene 


bromide at every 10° between 0° and the boiling point is cal- 
culated :— 


0 ‘00000 
10 “00959 
20 -01928 
30 “02909 981 
40 “03905 996 
50 -04920 1015 
60 “05956 1036 
70 | ‘07017 1061 


i 
° . . . . . . . 


The relative density was found by Dr. Perkin to be 
d 15°/15° = 1°74343, d25°/25° = 1°73083, 


[a } — i a a. a ee 
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These, on reduction by aid of above formula give— 
_ @0°/4° = 1°76745 and 176756. Mean 1-7675. 


Although the main object of the observations here recorded was, as 
already stated, to furnish data for the reduction of measurements of 
the viscosity of the particular liquids, for which purpose it may be 
remarked, the thermal expansion requires to be known with only 
approximate accuracy, the determinations are of service as affording 
information on the question of the specific volumes of the special 
substances, more particularly in relation to the deductions of Lossen 
(Annalen, 214, 81; 225, 109; 233, 316; 254, 42). rf 

According to Lossen the specific volumes of the greater number of 
compoands containing carbon, hydrogen, and oxygen, which have 
‘hitherto been determined, may be calculated by the formula 


Sp. vol., CaHnOp(m) = (10°24 + 20°5)(m + p) + 
(5°12 + 20°25)m + 3(m — 2)? + 14u, 


In this equation 2 denotes a number between 0 and 1, which varies 
with different homologous series, but which is constant for the 
members of one and the same series. The sign m» represents the 
number of hydrogen atoms required to convert the formula into that 
of a saturated compound. The term }(n — 2)’ is introduced to com- 
pensate for the increase in the value corresponding to CH, as the 
molecular weight increases. Gartenmeister (Annalen, 233, 304) 
having shown that in the case of the fatty esters the mean increase is 
05, Lossen adds the term (3 +3+4+....° 3 *), which he 
erroneously states is equal to }(m — 2)*, a number always subse- 
quently employed, but which, as comparison of his numbers shows, 
serves to give good agreement with observed values. , 

For the majority of aliphatic compounds the formula 


C,H,.0, = 10°45(n +'p) + 5225m + Hn — 2) + 1dp 


gives the results in good agreement with the observed values. For 
the alcohols, however, the expression becomes 


C,H,.O, = 10°1(m + p) + 505m + 3(n — 2)? + 1135p. 


If it be assumed, as seems highly probable, that for all the members 
of a series of similarly constituted compounds the same influences are 
existent, causing the specific volumes to exhibit variations from the 
additive quantities which Kopp’s values assume them to be, then we 
may regard the variable z as a term which takes account, and may be 
regarded as the measure of these disturbing influences, and which, 
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though constant for the members of the same series, should, as before 
stated, vary for other homologous series of compounds. 

It may be desirable to summarise here the quantitative values 
npon which the calculations of the specific volumes of the particular 
liquids is based. The following table gives the boiling point under a 


standard atmosphere, together with the density at 0° and at the boil-: 


ing point, the observed specific volume, together with that calculated 
by means of Kopp’s values, and that calculated by the formula of 
Lossen. The atomic weights taken for the calculation of the specific 
volumes are O = 16, C = 12, and, in the reduction of the relative 
densities, the density of water has been taken from Rossetti’s 
tables. ’ 


Specific volume. 


Density | Density. 
at O°. | at b. p. 
Kopp. | Lossen. 


PORRARS 00 cc cccccecscese ‘3 | 0°64750 | 0°F1200 “ 121 °0 
POROMRD oo 06 00 00 00 cece ‘4 | 0°63872 | 0-60857 121°0 
FeSOROMO. o oc cece cecceces ‘2 | 0°67660 | 0°61744 143 °0 


Amylene...... ..+2eeeee “4 | 0°RR499 | 0°64759 ‘1 | 110°0 
Tsoprene .....+ ee eeseeees *S | 0°69120 | 0°65450 : 99-0 


Trimethvl carbinol ...... - , 0°80716 | 0°71940 ‘ 106 °8 
Dimethyl ethv] carbinol.. . : 0-R2690 | 0°72480 . 128-8 
Tnactive amyl aleohol.... . *4 | 0-82536 | 0°71362 128 °8 
Active amy] aleohol ...... *7 | 0°83302 | 0°72111 0 | 128°8 


190 °2 
122°2 
122°2 


Methyl ethyl ketone...... 082961 | 0°74422 
Methyl propyl ketone.... . “7 | O°82585 | 0°72568 
Diethyl ketone........++- "1 | 0°83350 | 0°73060 


BSR 


ry 


153°2 
77°6 
144°2 


Propionic anhvdride “6 | 1°08360 | 0°84310 
Methyl sulphide......... *B | 0°R7022 | 0°82567 
Isobutylene bromide “6 | 1°76750 | 1°51470 


baz 


It will be seen that, with the exception of that for propionic 
anhydride, all the observed numbers differed considerably from those 
calculated by means of Kopp’s values. On the other hand, they 
show, in the main, a fairly satisfactory agreement with the values 
calculated by Lossen’s formula. It is noteworthy that the observed 
value for acetic anhydride deduced from Kopp’s experiments, viz., 
109°9, is also greatly in excess of the value calculated by Lossen’s 
formula. If, however, we take Lossen’s slightly higher values, ¢.g., 
CO,H = 10°74, as given for the oxalic ethers we obtain values for 


——h- i Bon. a | 


Is | 
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these oxides which are in better agreement with the results of 


observation, thus :— 
Observed, Calculated. 


Acetic anhydride...... 109-9 108°4 
Propionic anhydride... 1542 154°4 


Appenpum.—As the relation of our results to Schréder’s theory of 
specific volume was raised in the course of the discussion on this 
paper, we append here the values of the steres calculated by means 
of Schréder’s rules :— 


No. of | Value " Value 
steres. | of stere. .| of stere. 


Eee ooee se 17 
Isopentane . cece 17 
Isohexane . . 
Trimethylethylene .. 
Tsoprene ....+s++e0e 


Methyl ethyl ketone. . 
Methyl propyl ketone 
Diethyl ketone...... 


8 O & Bis 


Isobutylene bromide. . 


Trimethyl carbinol ... 
Dimethyl ethyl carb- 
inol . oe 
Inactive amyl alcohol. 

Active amyl alcohol . 


Propionic anhydride . 
or eeee 


wae & 


The variations in the value of the stere are of the same order as in 


similar compounds calculated by Schréder. Thas— 
Variation of stere. Schroder. 
Hydrocarbons.,., 6°76 to 6°96 6°87 to 7:09 
Alcohols ........ 6°74 ,, 6°85 6°72 
Ketones......... 691 ,, 6°97 — 


The common value 6°90 leads to results which are in fair accord 
with the observed numbers : 


Stere = 6°90. 


Obs. 


Pentane ......+ ‘ *6 | Methyl ethyl ketone .. 
Isopentane ........++ ' *3 | Methyl propyl ketone . 
Isohexane.,.....0++++ ‘8 | Diethyl ketone ....... 


os omen co cccces cece . *1 | Isobutylene bromide.. 


Teoprene .....,.00+++ 

Methyl sulphide...... 
Trimethyl carbinol . 
Dimethyl ethyl carbinol | 124°2 *4 | Propionic anhydride .. 
Inactive amyl alcohol... 
Active amyl alcohol.,.. 
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It will be seen that the agreement between the observed and caleus 
lated values is better than that given by Kopp’s rales, and is quite as 
good as.that obtained by.the use of Lossen’s formule. 


' XX.—On the Hydrocarbons derived from Dipentene Dihydrochloride, 
By W. A. Titven, D.Sc., F.R.S., and Sipney Wittramson, Ph.D. 


Ir was shown by one of us in 1879 (Ber., 12, 1131) that the dihydro- 
chloride, C,Hy,2HCl], whether prepared from dextrorotatory or 
le vorotatory turpentine, or from the terpene of the citrene (limon- 
ene) group, is always the same compound, and when deprived of 
the elements of hydrogen chloride, yields the same hydrocarbon or 
mixture of hydrocarbons—then called terpilene or terpinylene. 

Four years ago (Trans., 53, 1888, 879) a further examination of the 
hydrocarbon thus formed from the dihydrochloride showed that by 
oxidation with nitric acid it gave a considerable amount of toluic 
acid, whereas the other terpenes gave only minute quantities or none 
at all. This terpilene was at that time supposed to be homogeneous, 
and to be identical with the optically inactive hydrocarbon to which 
the name dipentene has since been given. The latter, as is well 
known, is formed by heating isoprene to about 300°, also as a chief 
product of the action of dilute sulphuric and other acids on pinene 
(turpentine) and limonene (from lemon or orange oil, &c.) and from 
other sources. 

Limonene exists in two varieties, which are ) respectively dextro- 
rotatory and levorotatory. A mixture of equivalent quantities of 
these two liquids produces an optically inactive mixture which has 
been shown by Wallach (Annalen, 246, 225; 252, 123) to have 
the same properties as dipentene. Tilden having already shown 
that dextrorotatory limonene (citrene obtained from orange oil) when 
oxidised by nitric acid gave neither toluic nor terephthalic acid 
(Trans., 1888, 53, 880), while the supposed dipentene made from the 
dihydrochloride .gave 27°6 per cent. of its weight of -toluic acid, it 
became obvious either that levolimonene gave products of oxidation 
different from those of dextrolimonene. or that. the . hydrocarbon 
obtained from the dihydrochloride was very far frum being pure 
dipentene. Some further experiments described below were, there 
fore, undertaken, the results of which show that the latter hypothesis 
is correct. The hydrocarbon obtained from thé’ dihydrochloride 
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and formerly called terpilene or terpinylene, and represented by 
Wallach as consisting chiefly of dipentene (Annalen, 239, 12), is a 
mixture in which dipentene is associated with cymene, terpinene, 
terpinolene, and a saturated paraffinoid hydrocarbon probably identi- 
cal with the liquid referred to by Armstrong and Tilden (Trans., 
1879, 35, 745). This might almost have been anticipated from the 
much lower bromine-absorptive power exhibited by the supposed 
dipentene. 


Oxidation of Levolimonene. 


The usual sources of levolimonene, “‘olewm pini sylvestris” and 
“fir wool oil,” prepared for use in medicine were found to be no 
longer available for this purpose. When the oils which now occur in 
commerce under these names were submitted to fractional distillation 
they yielded little beside ordinary pinene. Through the intervention 
of Messrs. Wright, Layman, and Umney, we obtained a supply of the 
desired material from Messrs. Schimmel and Company, of Leipzig, 
who very liberally presented us with 500 grams of a product boiling 
between 175° and 180°, fractionated from the oil of Pinus picea. 
This liquid was shaken with sodium to free it from water and was 
then fractionally distilled. A large fraction was obtained boiling 
between 175° and 176°, and having a levorotatory power of about 
94° per 100 mm., when tested by Wild’s polaristrobometer and using 
the sodium flame. The relative density of the liquid at 12°5° was 
0886. Its specific rotatory power, [a]p is 106°. This hydrocarbon 
when dissolved in a mixture of alcohol and ether and treated with 
bromine gave the characteristic tetrabromide (melting at 103°) de- 
scribed by Wallach (Annalen, 227, 301). 

It was tested in the usual manner for cymene by shaking up 
with 4:1 sulphuric acid.* The limonene was thus polymerised and 
the resulting mixture steam-distilled. The cymene was estimated 
in this case by measure as the quantity was so small, amounting to 
about 1 per cent. of the levolimonene. 

10 grams of this levolimonene were oxidised by boiling with a 
mixture of 42 grams concentrated HNO, and 170 grams of water in 
a flask attached to a reflux condenser, and at intervais as the oxida- 
tion proceeded a few drops of nitric acid were added to maintain 
the strength of the mixture. The process of complete oxidation 
occupied about 30 hours. Only a minute trace of toluic acid was 
obtained, showing that levolimonene does not yield toluic acid on 
oxidation. 

* Four vols. of oil of vitriol mixed with 1 vol. of water is referred to as 4:1- 
acid, 
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Dipentene. 

Owing to the fact that neither dextro- nor levo-limonene gave any 
toluic acid on oxidation, dipentene itself was then examined. It was 
prepared by heating 207 grams of pinene dihydrochloride with 
186 grams of aniline first upon a water-bath for half an hour, and 
then for a short time at the boiling point of the mixture. The pro- 
duct was distilled in a current of steam and washed with a little 
very dilute sulphuric acid to remove any traces of aniline, dried with 
calcium chloride and finally over sodium. It was then repeatedly 
fractionated and finally separated into three large fractions boiling as 
follows : 175—176°, 176—178°, 178—180°, with small fractions above 
and below. These three fractions were tested by boiling with con- 
centrated nitric acid and a crystal of silver nitrate: the first two frac- 
tions were free from chlorine; the last contained a trace. 

10 grams of fraction 175—175° were oxidised with the same pro- 
portion of nitric acid and water as in the experiment with limonene. 
It yielded 2°7 grams of pure toluic acid. 10 grams of fraction 178—180° 
gave the same amount. As this must be due to the presence of 
impurity, an attempt was made to determine its nature. 

On testing fraction 175—176° for cymene, the barium sulphonate 
obtained was found to correspond to 12°5 per cent. of that hydro- 
carbon. 

It was also shown to contain terpinene by the formation of terpinene 

nitroso-nitrite on the addition of potassium nitrite and acetic acid to 
the hydrocarbon dissolved in light petroleum (Wallach, Annalen, 
239, 36). 
_ By treatment first with 4: 1-sulphuric acid and steam distillation, 
and subsequently warming the distillate with oil of vitriol, the 
terpenes and cymene were removed, and a paraffinoid hydrocarbon 
left, which amounted to about 3 per cent. of the dipentene used. 
This liquid is not attacked by nitric or sulphuric acid, and boils at 
155—156°. 

Dipentene was then prepared from india-rubber by distillation. 
After repeated fractionation, a product was obtained boiling at 
175—176°, which, on treatment with bromine, gave the crystalline 
tetrabromide melting at 120—124° (Wallach, Annalen, 227, 301). 
10 grams of this fraction were oxidised with the usual proportions of 
nitric acid, and gave no trace of toluit acid. Pure dipentene, there- 
fore, does not yield toluic acid on oxidation with nitric acid. 


Oxidation of Terpinene. 


Terpinene was prepared by shaking up rectified oil of turpentine 
with 1 : 1-sulphuric acid in the proportion of 1 litre of turpentine to 
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100 c.c. of acid. Much heat was developed, but the temperature was 
not allowed to rise above 50°. The product was distilled in a 
current of steam and again treated in a similar manner until the 
hydrocarbon was inactive towards polarised light. 

It was then dried over sodium and repeatedly fractionated; the 
larger part distilled below 175°, but a fraction boiling between 178° 
and 181° was obtained consisting chiefly of terpinene; this readily 
yielded terpinene nitroso-nitrite on treatment with nitrous acid, but 
on testing in the usual manner for cymene, it was found to contain 
15 per cent. of this hydrocarbon. 10 grams, on oxidation, yielded 
43 grams of toluic acid. 

Terpinene was then prepared by the following method (Annalen, 
230, 260) :—500 grams of terpin hydrate were boiled with an equal 
weight of 1: 7-sulphuric acid. The product, after drying, was 
repeatedly fractionated, and a fraction boiling constantly at 
178—180° under a pressure of 753 mm. was obtained. The higher 
fraction, 184—190° (terpinolene), was used for a subsequent experi- 
ment. This terpinene gave a good yield of terpinene nitroso-nitrite, 
but treatment with 4: 1-sulphuric acid indicated the presence of 
about 15 per cent. of cymene. 10 grams, on oxidation, gave 
25 grams of toluic acid, but as cymene had been found to give only 
about three-fourths of its weight of toluic acid, the amount of 
cymene present in this fraction would account for only about half 
the toluic acid actually obtained by oxidation. A second prepara- 
tion of terpinene gave a similar result. 

Hence terpinene yields, by oxidation with nitric acid, about 15 per 
cent. of toluic acid. This terpinene takes up only 2 atoms of bromine, 
forming an oily dibromide, 136 parts of hydrocarbon requiring 
157 parts of bromine as a mean of two experiments. On heating the 
dibromide with aniline, half its weight of cymene was obtained, thus 
confirming previous observations (Tilden, Trans., 1878, 33, 251). 


Oxidation of Terpinolene. 

The higher fractions from the preparation of terpinene were 
several times refractionated, and a portion boiling at 184—190° was 
separated ; this, according to Wallach (Annalen, 230, 262), should 
be nearly pure terpinolene ; it seemed to be a definite fraction, and 
yielded the tetrabromide melting at 112° (loc. cit.). 10 grams, on 
oxidation, gave 2°5 grams of toluic acid. Hence terpinolene seems in 
this respect to agree with terpinene. It must, however, be admitted 
that the difficulty of separating terpinolene and terpinene renders it 
probable that the terpinolene employed may have contained terpinene. 
Therefore, the question whether terpinolene yields toluic acid on 
oxidation remains to be settled by more decisive experiments. 

x2 


XXI.—Salts of Glyceric acid, Active and Inactive; Influence of Metals 
on the Specific Rotation of Active Acids. 


By Percy F. Franxianp, Ph.D., B.Sc., F.R.S., and J. R. AppLevarp. 


Ir has been shown by one of us (Percy Frankland and Frew, Trans., 
1891, 59, 81 and 96) that by fermenting a suitable solution of 
calcium glycerate with the Bacillus ethaceticus, about one half of the 
salt undergoes decomposition with formation of ethyl alcohol, acetic 
and formic acids, traces of succinic acid, together with gaseous pro- 
ducts, whilst the other half which remains undecomposed is found to 
have a powerful levorotatory effect on a beam of polarised light. On 
preparing the glyceric acid from this levorotatory calcium salt, it 
was found, on the other hand, to be dextrorotatory. The activity of 
the acid, however, is subject to great variation, according to the 
treatment which its aqueous solution has received; thus, if it is 
much concentrated on the water bath, the dextrorotation becomes 
smaller and smaller, and by long-continued heating it is actually. 
exchanged for a powerful levorotation. These phenomena are per- 
fectly similar to those which had been previously observed by 
Wislicenus (Annalen, 16'7, 332) in his classical researches on the 
isomeric lactic acids, and is explicable on the assumption of there 
being a certain amount of anhydride formation even in aqueous solu- 
tion, the anhydride being powerfully levorotatory, whilst the acid is 
less strongly dextrorotatory. 


Preparation of Active Glyceric acid. 


We have not materially modified the method of preparation 
described in the previous communication ; it has successfully served 
us for obtaining very considerable quantities (several hundred grams) 
of the active calcium salt, which is readily purified in consequence of 
the ease with which it is obtained in large crystals; these, which are 
sometimes upwards of half an inch in length, and beautifully lustrous, 
have been examined and described by Mr. Tutton (Trans., 1891, 59, 
233) as monoclinic prisms exhibiting hemihedral faces. 

From the calcium salt, the acid is readily obtainable by precipitating 
the calcium with the theoretical quantity of oxalic acid, and its solu- 
tion should invariably be carefully sterilised if it is to be kept for any 
length of time, as it is otherwise liable to become infested with 


fungoid growths. 
From the acid, we have prepared the salts of the more important 
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metals, and have determined the composition, rotatory power, and 
solubility of these salts, as well as of thei® inactive isomers. 


Caleiwm Glycerate. 


(a.) Inactive.—In the previous communication, we have shown that 
this salt has the composition (C;H;0,).Ca + 2H,0. 

The water of crystallisation is only partially lost at 105—110°, the 
salt on drying until constant at that temperature losing only 5°61 per 
cent., whilst the loss corresponding to 1 mol. H,0 is 6°29 per cent. 
This salt has already been very fully described by Debus (Annalen, 
106, 87), in his classical paper on the preparation of glyceric acid. 

Notwithstanding repeated efforts, we have been unable to obtain 
this salt in any other than an indistinctly crystalline form, in which 
respect it contrasts most strikingly with its brilliantly crystalline 
isomer. 

Its solubility was determined in two experiments; 100 parts by 
weight of water at 20° dissolved :— 


BE dacédscdeus 4°37 parts (Cs;H;0,).Ca + 2H.0 
4°42 ” ” 
4°40 ” ” 
or, 3°85 parts of the anhydrous salt. 


(b.) Active-—A fresh preparation, different from that referred to 
in the previous communication, yielded the following results :— 


I. 0:234 gram of salt gave 0°1115 gram CaSO, = 1401 per cent. 
Ca, 

II. 0°3705 gram of salt gave 0°1770 gram CaSO, = 14°05 per cent. 
Ca. 


The rotation was also determined on this new specimen :— 
1. Concentration = 10 per cent. solution, Temperature, 17°5°. 
Rotation, —2°3°. 
2. Concentration = 10 per cent. solution. Temperature, 17:0°. 
Rotation, —2°3°, 
_— f (i) —11°59° 
[“]> = oo —1159 


Repeated on the former preparation, it was found to be :— 
_ fl) -11°84° 
[@]> = } (2) -11-61 
Mean ([a@]p = —11°66° (—13°34 for the anhydrous 
salt), 
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The solubility was determined in two experiments; 100 parts by 
weight of water at 20° dissolved :— 


10°61 parts (C;H;0,).Ca oa 2H,0, 


” ” 


” ” 


or 9°32 parts of the anhydrous salt. 


Thus the active calcium glycerate is more than twice as soluble as 
the inactive variety. 


Barium Glycerate. 


(a.) Inactive—On evaporating a solution of the inactive barium 
glycerate and allowing it to stand, a crystalline mass was obtained, 
which was only pressed between filter-paper for analysis. 

The barium was determined in two experiments :— 


I. 0°2765 gram of salt yielded 0°1815 gram BaSOQ, = 38°59 per 
cent. Ba. 

II. 0°3235 gram of salt yielded 0°2120 gram BaSO, = 38°51 per 
cent. Ba. 


This corresponds to Ba(C;H;0,), + }H,O0, which requires 38°49 per 
cent. Ba. 
The solubility was determined with the following results :— 


100 parts by weight of water at 20° dissolved :— 


6°56 parts of Ba(C;H;0,). + 4H,0, 

6°97 ” ” ” 

677» ” , 
or, 6°60 parts of the anhydrous salt.. 


(b.) Active—On evaporating a solution of the active barium glyc- 
erate, a syrupy mass was obtained, which would not solidify in 
desiccator ; it was therefore dissolved in a small volume of water, 
and to this a large volume of methylated spirit was added; the 
barium salt separated as a white gummy mass, and this, after three 
or four days’ contact with the alcohol, became transformed into an 
indistinctly crystalline solid, which could be pulverised and pressed 
between filter-paper for analysis. 

Three barium determinations of the air-dried salt were made :— 


I. 0°238 gram of barium salt yielded 0:146 gram BaSO, = 
36°05 per cent. Ba. 

II, 0'241 gram of barium salt yielded 0°148 gram BaSO, 
36°10 per cent. Ba. 
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III. 0°1805 gram of barium salt yielded 0°1105 gram BaSO, = 
36°01 per cent. Ba; mean = 36°05 per cent. Ba. 
Ba(C;H;0,), + 2H,0 requires 35°77 per cent. Ba. 


The salt was also dried at 130° until constant, and then submitted 
to analysis :— 
0°134 gram of barium salt yielded 0°0895 gram BaSO, = 39°27 per 


cent. Ba. 
Ba(C;H;0,), requires 39°48 per cent. Ba. 


The activity of the barium salt was determined, with the following 
results :— 

2 grams of the air-dried salt were dissolved in water and made up 
to 20 c.c. ; a rotation of —1°8° was observed in the 198°4 mm. tube at 
12°, a second experiment giving precisely the same result. From 
this the specific rotation follows :— 


100 x 1: a " arn . ° 
[a]> = 1964 x 10 = —9:07° (—10°01° for the anhydrous salt). 

The solubility was also determined in two experiments; 100 parts 
by weight of water at 20° dissolved :— 


T .cccccccce 55°59 parts of Ba(C;H,0,). + 2H,0, 
55°10 ” ” ” 
-. 5535 ,, 
or 50°15 parts of the anhydroes salt. 


Thus the levorotatory barium glycerate is about eight times as 
soluble as the inactive veney, and crystallises with 2 mols. H.0, 
whilst the latter has only } mol. H,0. 


Strontium Glycerate. 


(a.) Inactive—This was prepared for analysis in the same way 
as the inactive barium glycerate. Three strontium determinations 
were made on the air-dried salt :— 


I. 0:2295 gram of strontium salt yielded 0°138 gram SrSO, = 
28°67 per cent. Sr. 
II. 0°234 gram of strontium salt yielded 0°140-gram SrSO, = 
28°55 gram per cent. Sr. 
IIT. 0:2005 gram of strontium salt yielded 0°1205 gram SrSO, = 
28°68 per cent. Sr. 


Another strontium determination was made on some of the salt 
after it had remained for some time in the vacuum desiccator :— 
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IV. 0°190 gram of strontium salt yielded 0°1145 gram SrSO, = 
28°74 per cent. Sr; mean = 28°66 per cent. 


This corresponds to Sr(C;H;0,)2 + $H,O, which requires 28°57 per 
cent. Sr. 

Two determinations of its solubility were made with the following 
results; 100 parts of water by weight at 20° dissolved :— 


6°57 parts Sr(C,;H;0,)2 + 3H,0, 

615 - ” ” ” 

Mean........ 636 ,, - - 
or 6°17 parts of the anhydrous salt. 


(b.) Active—The active strontium salt was obtained in a solid, 
crystalline state, by making use of the same artifice as was employed 
in the case of the active barinm salt. It was pulverised and repeat- 
edly pressed between filter-paper for analysis, but as the salt is very 
deliquescent, it entailed very considerable loss of material. 

One strontium determination was made :— 


03275 gram of strontium salt yielded 0°1705 gram SrSQ,= 
24°84 per cent. Sr, 


which corresponds to Sr(C;H;0,). + 3H,0, requiring 24°91 per 
cent. Sr. ' 

A second preparation of this salt was made, the syrupy mass being 
this time left in contact with the large excess of methylated spirit for 
eight weeks.; the resulting solid was then placed in a vacuum desic- 
cator for two weeks, and afterwards for three weeks in an ordinary 
one. With this, the following results were obtained on analysis :— 


I, 02717 gram of strontium salt yielded 0°1575 gram SrSO, = 
27°66 per cent. Sr. 

II. 0°4100 gram of strontium salt yielded 0°2365 gram SrSO, = 
27°52 per cent. Sr. 


This corresponds to Sr(C;H;0,). + H,O, requiring 27°76 per cent. Sr. 
Thus, the active strontium salt appears to crystallise, in the first 
instance, with 3 mols. H,O, two of which are easily parted with, as 
in the method of desiccation employed in the second preparation. 
The rotation was separately determined on each of these prepara- 
tions of the salt. 
Thus, with (C;H,0,).Sr + 3H,0, a 10 per cent. solution gave a 
rotation of —2°0° in the 198°4 mm. tube at 15° :— 


100 x —2 — -10-0R°. 
Tea x 19 — 1008: 
this corresponds to [@]p = —11-91° for the anhydrous salt. 


[¢]> = 


SALTS OF :GLYCERIC ACID, ACTIVE AND INACTIVE. 301 


The rotation of the salt with 1 mol. of water (C;H,0,).Sr + H,0, 
in a 10 per cent. solution at 19° was —2°3°, and thus :— 


100. x —2:3 _ — 
[Jo = “T9¢a-x 10 ~ 199 
corresponding to [@]p = —12°29° for the anhydrous salt. 

The exact determination of the solubility was unfortunately lost 
through an accident, but we have ascertained that 100 parts by weight 
of water at 20° dissolve about 300 parts of the salt. 

The active strontium salt is thus enormously more soluble than the 
inactive, and also'much more soluble than either the active barium or 
calcium salts. 


Lithium Glycerate. 


(a.) Inactive—The solution of glyceric acid was boiled for one hour 
with excess of lithium carbonate, filtered, and evaporated to dryness 
on the water-bath. The residue was dried for three hours at 100°, 
and then extracted with strong methylated spirit in a Sohxlet’s 
apparatus to separate it from lithium carbonate. The earlier alcoholic 
extract deposited small crystals of a prismatic form, whilst the later 
extract gave crystals having more the appearance of plates; the two 
portions were collected and treated separately. The salt, before 
analysis, was placed for five to six weeks in the vacuum desiccator, 
after which it was no longer deliquescent. 

Lithium determinations were made in each of the specimens ob- 
tained as above :— 


Specimen No. 1. 


I. 0°2445 gram Li salt yielded 0°120 gram Li,SO, = 6°25 per 
cent. Li. 

II. 0328 gram Li salt yielded 0°1555 gram Li,SO, = 6°04 per 
cent, Li, 


Specimen No. 2. 
I. 03165 gram Li salt yielded 0°155 gram Li,SO, = 6:23 per 
cent, Li. 
II. 0°292 gram Li salt yielded 0144 gram Li,SO, = 6°28 per 
cent. Li. 
IIT, 0:2075 gram Li salt yielded 0°103 gram Li,SO, = = 6°31 per 
‘cent, Li, 


showing that both specimens were anhydrous lithium glycerate, 
C,H,0,Li, containing 6°25 per cent. Li. 
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It is, however, probable that the salt only becomes anhydrous in 
the desiccator, for the crystals lost their transparency during desicca- 
tion. 

Owing to the exceedingly soluble nature of this salt, and the small 
quantity available, its solubility could not be determined. 

(b.) Active-—The active salt was prepared in the same way as the 
inactive, and on evaporating its solution it was deposited in beautiful, 
radiating, acicular crystals, which could not be further examined in 
consequence of their rapid deliquescence. The salt was purified by 
alcohol, as described for the inactive variety above, and finally placed 
in the vacuum desiccator before analysis; it was then no longer 
deliquescent. 

The lithium determinations gave the following results :— 


I. 0°2562 gram Li salt yielded 0°127 gram Li,SO,= 6°31 per 
cent, Li. 

II. 0°222 gram Li salt yielded 0°1095 gram Li,SO, = 6°28 per 
cent. Li, 


corresponding to the anhydrous salt, O0;H;0,Li, which contains 6°25 per 
cent. Li. ' 

Examined with the polarimeter, a 10 per cent. solution of the salt 
gave a rotation of —4'1° at 11°, from which the specific rotation 
follows :— 

_ 100 x —41 _ 


(sh = Tex to: 


Sodium Glycerate. 


(a.) Inactive—This salt was prepared by adding the calculated 
amount of standard sodium hydrate to a solution of glyceric acid, 
and evaporating, when a thick syrup was obtained, which refused to 
crystallise even after remaining three weeks in the vacuum desiccator, 
nor was the application of a freezing mixture more successful. 

(b.) Active—The active sodium glycerate was similarly prepared, 
and also refused to crystallise in the vacuum desiccator, although 
kept there for several weeks. The attempt to crystallise it had 
almost been abandoned when, after it had been exposed to the air 
of the laboratory for about an hour, it was found to be crystallising in 
silky needles, radiating from a centre of dust on the surface of the 
syrup (similar exposure to dust did not induce the inactive salt to 
erystallise). The whole mass ultimately became crystalline, after 
which it was broken up and pressed between filter-paper for analysis, 
® process which entailed much loss, as the salt is very deliquescent. 

A sodium determination gave the following result :— 
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0'2040 gram of sodium salt yielded 0°1075 gram Na,SO, = 17:07 
per cent. Na, 
which corresponds to C;H,0,Na + $H,0, requiring 16°79 per cent. 
Na. 
Another portion of the sodium salt, dried for two or three days in a 
vacuum desiccator before analysis, yielded the following figures :— 


0°275 gram of sodium salt gave 0°1515 gram Na,SO, = 17°85 per 
cent. Na. 
Another portion was dried at 130° before analysis, and this gave 
the following result :— 
0°2045 gram of sodium salt yielded 0°1135 gram Na,SO, = 17°98 per 
cent. Na. 
Both of the latter determinations correspond to the anhydrous salt, 
C;H,0,Na, which contains 17-98 per cent. Na. 


The anhydrous salt, examined in 10 per cent. solution in the 
polarimeter, gave a rotation of —3'2° at 12°, which leads to the 


specific rotation 


100 x —3:2 _ 
c = vm ° 
lel Tae 9 = 7 O- 


Potassium Glycerate. 


(a.) Inactive—Owing to the non-crystallisable character of the 
normal salt, only hydrogen potassium glycerate was prepared. The 
solution, on evaporation, showed no signs of crystallisation, but after 
being placed for a week in the desiccator, a beautifully crystalline, 
but highly deliquescent, product was obtained. One portion was 
submitted to immediate analysis, with the following results :— 


I. 03505. gram of potassium salt yielded 0°1235 gram K,SOQ,= 
15°81 per cent. K. } 

II. 0°3530 gram of potassium salt yielded 0°1220 gram ak 
15°50 per cent. K. 


Another portion was dried in the vacuum desiccator and then 
analysed:— 


I. 0°4720 gram of potassium salt yielded 0°1660 gram K,SO,= 
15°76 per cent. K. 

II. 0°4795 gram of potassium salt yielded 01680 gram K,SO,= 
15°70 per cent. K; 


in both cases the figures correspond to the anhydrous acid salt, 
C,H,0,K,C;H,0,, which contains 15°60 per cent. K. 


304 FRANKLAND AND APPLEYARD: 


This salt, corresponding in chemical composition and physical pro- 
perties, was also prepared by Debus (loc. cit.). 
(b.) Active-—Neither the normal nor acid salt could be obtained in 


a crystalline state; hence only the rotation of these salts in solution 
was studied. 


1. A solution containing 11°635 per cent. of normal salt, C;H;OQ,K, 
gave a rotation of —3°8° at 18°, from which follows 


Se ) oe 
ith * gare 


2. A solution containing 9°778 per cent. of normal salt, C;H;0,K, 
gave a rotation of —3'09° at 16°5°, corresponding to 
_ 100 x —3:09 _ 02° 
, [@]> = Toa x 9778 ~ 159 
3. A solution containing 11°8336 per cent. of normal salt, C;H;0,K, 
gave a rotation of —3°9 at 17°, corresponding to 


—_ 100x —39 _ jap 

L=]> = Toga x 119336 ~ 1° O°! 

Mean of the three results for about 10 per cent. solution of © 
C;H;O,K— 


[a]p = — 16°33°. 

A solution of the acid salt was prepared by dividing a solution of 
glyceric acid into two equal parts, neutralising the one with caustic 
potash, and then mixing with the other part. The two following 
observations were made :— 

1. A solution containing 10°359 per cent. of C;H,0,K,C;H.O, gave 

a rotation of —1°9° at 18°, from which 
— 100 x —19 _ age 
[lo = 1594 x 10350 — ~° 
2. A solution containing 17°605 per cent. of C;H;0,K,C;H,O, gave 
a rotation of —3°15° at 18°, from which 
— 100 x —315 _ — ange 
[2]> = T9¢a x 17608 = 9?" 

This rotation of the acid salt is the same as if only the normal 
portion of the molecule had been present in the solution; thus, in the 
first of the two above experiments, the 10°359 grams of acid salt con- 
tain 59668 grams of normal salt, from which 

— 10x —19 _ yep 
[a]> = To¢4 x 59688 — 160» 
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which is in the closest possible agreement with the specific rotation 
actually found for the normal salt. 


Ammonium Gilycerate. 


(a.) Inactive—Ammonium hydrate was added to a solution of 
glyceric acid until neutral, the liquid was concentrated, and whilst 
still neutral was transferred to the vacuum desiccator, in which 
further evaporation and ultimate crystallisation took place. The 
crystals were deliquescent. 

The ammonia was determined by distillation with sodium hydrate 
into seminormal sulphuric acid :— 


I gave 10°98 per cent. N ; II gave 11°12 per cent. N ; III gave 10°92 
per cent. N, 


corresponding to the normal anhydrous salt, C;H;0.NH,, which 
contains 11°38 per cent. N. 

This salt is also described by Debus (loc. cit.). 

(b.) Active—The active ammonium salt was only experimented 
with in solution. A solution of active glyceric acid was exactly 
neutralised with ammonia and made up to volume, the ammonia and 
rotation being determined in aliquot parts. The following determi- 
nations of the rotation were made :— 


1. A solution containing 10°61 grams C,;H;O,NH, in 100 c.c. 
gave a rotation of —3°8° at 20°, which leads to the specific 
rotation 

100 x —3'8 o 

= —18°05". 
1984 x 10°61 — 


2. The same solution, diluted to one-half the above strength, gave 
exactly the same specific rotation —18°05°. 

3. A solution containing 2°898 grams C;H,;0,NH, in 100 c.c. gave 
a rotation of —1:1° at 14°, from which the specific rotation is 
calculated, 


[a]p = 


_ Min kt _anee 
lJ = Toga x 203 — — 1918: 
4. A solution containing 1°796 gram C,;H;0,NH, in 100 c.c. gave 
a rotation of —0°7° at 16°, from which 


[2]p = 100 x —0°7 


Toes x 17es6 ~~ 1978 


From these results it would appear that the rotation increases with 
the degree of dilution, but a more extensive series of experiments 
would be necessary to demonstrate this fully. 
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Magnesium Glycerate. 


(a.) Inactive-—The solution was evaporated down until crystal- 
lisation took place, and the crystals, which consist of extremely small 
needles, were pressed between filter-paper for analysis. 

The magnesium determinations gave the following results :— 


I. .0°7040 gram of magnesium salt yielded 0°336 gram MgSO, = 
9°55 per cent. Mg. 
II. 0°4410 gram of magnesium salt yielded 0°212 gram MESO, = 
9°61 per cent. Mg, 


corresponding to (C;H,;0,).Mg + H,O, which contains 9°52 per cent. 


g. 
The solubility also was determined with the following result; 100 
parts by weight of water at 20° dissolved :— 


24°54 parts (C;H;0,).Mg + H,0 
2451 ,, » ” 
24°53 ” ” 

or 22°78 parts of the anhydrous salt. 


(b.) Active.—The solution of this salt on evaporation formed a 
syrup which became crystalline on standing for two days. It was 
dried for analysis by pressing between filter-paper. 

The magnesium determinations gave the following results :— 


I. 0°3315 gram of magnesium salt yielded 0°1575 gram MgSO, = 
9°50 per cent. Mg. 

II. 0°4292 gram of magnesium salt yielded 0°2030 gram MgSO, = 
9°46 per cent. Mg, 


corresponding to (C;H;0,).Mg + H,0, which contains 9°52 per cent. 


Mg. 
The determination of its solubility gave the following result; 100 


parts by weight of water at 20° dissolved :— 


46°36 parts (C;H;0,).Mg + H,0, 
or 43°05 parts of the anhydrous salt. 


Thus the solubility is nearly twice as great as that of the inactive 


salt. 
Examined in ‘a 10 per cent, solution, the hydrated salt gave a 


rotation of —3°7° at 19°, leading to the specific rotation 


[e]p = eee = —18-65° (—20-08° for the anhydrous salt). 
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Zinc Glycerate. 


(a.) Inactive-—The preparation of the salt for analysis was carried 
out in the same manner as already described for the magnesium salt. 
The crystals are seen under the microscope to be rhombic plates 
grouped together in little tufts. The zinc determinations gave the 
following results :— 


I. 0°7561 gram of zinc salt gave 0° 2093 gram ZnO = 22:23 per 
cent. Zn. 

II. 0°7106 gram of zinc salt gave 0° 1956 gram ZnO = 22°11 per 
cent, Zn. 

III. 0°7941 gram of zinc salt gave 0°2195 gram ZnO = 22°20 per 
cent. Zn. 


corresponding to (C;H,0,).Zn + H,0, which contains 22°26 per cent. 
Zn. 

This is the same as the zinc salt prepared by Debus (loc. cit.). 

The solubility was determined, with the result that 100 parts by 
weight of water at 20° dissolved :— 


4°19 parts (C;H,0,).Zn + H,0 
401 ,, 
410 ,, 
or 3°87 parts of the anhydrous salt. 


” ” 


(b.) Active—This was similarly prepared; the crystals, consisting 
of delicate needles radiating from a centre, were pressed between 
filter-paper for analysis. The zinc determinations gave the following 
results :— 

(1). 0°2980 gram of zinc salt yielded 0°0825 ie ZnO = 22°25 

per cent. Zn. é 
(2). 0°4030 gram of zinc salt yielded 0°1105 gram ZnO = 22-03 
per cent. Zn, 
corresponding to (C;H;0,),Zn + H,0, containing 22°26 per cent. Zn. 
The solubility was determined, with the result that 100 parts by 
weight of water at 20° dissolved :— 
41°58 parts (C;H;O,),Zn + H,0, 
or 39°03 parts of the anhydrous salt, 
so that the solubility of the active is about 10 times as great as that 
of the inactive salt. 

Examined in 10 per cent. solution at 16°, a rotation of —4°4° was 
observed, leading to the specific rotation 

[a]p = 100 x —4°4 _ 
>” 1984 x 10 ~ 


— 22°18° (—23°63° for the anhydrous salt), 
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Cadmium Glycerate. 


(a.) Inactive—This was prepared similarly to the zinc and mag- 
nesium salts already described. It separates from solutions in 
rosettes of tabular crystals, apparently hexagonal plates. 

The cadmium determinations gave the following results :— 


I. 0°5535 gram of cadmium salt yielded 0°3285 gram CdSO, = 
31°92 per cent. Cd. 
II. 0°4225 gram of cadmium salt yielded 0°2490 gram CdSO, = 


31°74 per cent. Cd. 
III. 0°5220 gram of cadmium salt yielded 0°3085 gram CdSO, = 


31°82 per cent. Cd, 


corresponding to (C;H,0,),Cd + 14H,0, which contains 32°09 per 


cent. Cd. . 
The determination of the solubility gave the following results; 


100 parts by weight of water at 20° dissolved :— 


ittianiibialind 4°87 parts (CsH,0,),Cd + 14,0 
shat elves 472 ,, a a 


Mean........ 480 ,, ” ” 
or 4°43 parts of the anhydrous salt. 


(b.) Active—The solution of this salt on evaporation yielded a 
syrup which refused to crystallise, so it was dissolved up in a small 
quantity of water and precipitated with alcohol as a sticky mass, 
which, on remaining in contact with the alcohol, became hard and 
crystalline in about three days. It was pressed between filter-paper 


for analysis. 
The cadmium determinations gave the following figures :—- 


I. 02430 gram of cadmium salt yielded 0°1435 gram CdSO, = 


31°81 per cent. Cd. 
II. 0°2543 gram of cadmium salt yielded 0'1510 gram CdSO, = 


31:97 per cent. Cd, 


corresponding to (C;H;0,),Cd + 14$H,0, which contains 32°09 per 
cent. Cd. 

Thus both inactive and active cadmium glycerate form the same 
hydrated salt with 14 mols. of water. 

The solubility is about 20 times as great as that of the inactive 
salt, thus, 100 parts by weight of water at 20° dissolved :—- 


92 parts (C;H;0,).Cd + 14H,0, 
or 85 parts of the anhydrous salt. 
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Examined in 10 per cent. solution at 19°, a rotation of —2°8 was 
observed, corresponding to a specific rotation of 


[2]> = a —* = —1411° (—15-29° for the anhydrous salt). 


Silver Glycerate. 


Only the active salt was prepared. It was obtained by placing an 
excess of silver oxide in contact with a solution of the active glyceric 
acid for several hours, frequently shaking, and gently heating to 
about 40°. The liquid was filtered, and the filtrate allowed to evapo- 
rate in the vacuum desiccator; a brownish-yellow syrup was left, 
which, on standing for more than a month, formed feathery needles 
radiating from nuclei resembling in appearance those of the sodium 
salt. The salt, which even in the dry state is lemon-coloured, yields 
a very dark brown solution, apparently through decomposition, and 
on this account, unfortunately, no determination of the optical activity 
could be made. 

The salt was pressed between filter-paper for analysis, and the 
following silver determinations obtained with it :— 


I. 0:3055 gram of silver salt yielded 0°197 gram AgCl = 48°51 
per cent. Ag. 

TI. 0°2255 gram of silver salt yielded 0°145 gram AgCl = 48°38 
per cent. Ag, 


corresponding to (C;H,0,)Ag + $H,0, which contains 48°65 per cent, 


Thus the silver and sodium salts both crystallise also with the same 
amount of water. 

In the following table (p. 310), we have recorded the chemical 
composition and solubility, when that could be determined, of each of 
the glycerates, inactive and active, submitted to analysis. 

This table shows that, in every case in which the solubility 
has been determined, the solubility of the active salt is greater, and 
in some cases enormously greater, than that of the inactive salt of the 
same metal. The “homologous” metals for which the data are most 
complete are calcium, strontium, and barium on the one hand, and 
magnesium, zinc, and cadmium on the other. In the case of the in- 
active salts, strontium is more soluble than calcium, and barium 
slightly more soluble than strontium, whilst of the active salts, 
barium is much more soluble than calcium, and strontium* probably 


* Unfortunately, through an accident, the determination of the solubility of the 
active strontium salt was lost, but we have ascertained that about 300 parts of the 
salt dissolve in 100 parts of water at 20°, 
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Solubility of | Solubility of 
crystalline | anhydrous 
Glycerates. Chemical composition. salt in 100 | salt in 100 
| parts of water | parts of water 
| at 20°C. at 20°C, 
| 
Lithium (inactive) ...../ LiC;H;0, -- _— 
9» —s (active) 0.000. = _— os 
Ammonium e- --| NH,-C,;H;0, _ — 
(active) .. — — — 
Sodium (inactive) ...... -- —_ — 
»  (active)........ NaC;H,0, + $H,0 — —_— 
Magnesium (inactive) ..| Mg(C,;H;0,). + H,O 24°53 22-78 
- (active) .... i 46 36 43 ‘05 
Potassium (inactive) ... — _ -- 
- (active) ..... -- -- os 
9” acid (inactive)| KC,;H;0,,C;H,O, — -— 
= =" ° _ _ _ 
Calcium (inactive) .. Ca(C;H,0,); + 2H,0 4°4 3°85 
- a ececcce 10-66 9°32 
Zine (inactive) . . Zn(O,H;0,)2 + H,O 4°10 3°87 
” (active) . Zn(C,H;0,)>2 + H,O 41°58 39 -03 
Strontium (inactive)... Sr(C,;H;0,). + }H,0 6°36 6°17 
o» (active) ..... Sr(C,;H;0,)2 + 3H.O0 very soluble | indeed 
Silver (active).........| AgC;H,O, + +H,O — — 
Cadmium (inactive) eee Cd(C;H;0,)2 + 1}H,O 4°80 4°43 
oi (active) ..... pe 92-0 85:0 
Barium (inactive) ..... Ba(C;H,0,). + +H,0 6°77 6°60 
” (active). eeee Ba(C3H;0,4)2 + 2H,0 55°35 50°15 


much more soluble than either. There is a similar relationship 
between the amounts of water of crystallisation ; the inactive and 
active calcium salts contain the same amount (2 mols.) of water of 
crystallisation, and there is comparatively little difference in their 
solubilities ; the inactive barium and strontium salts contain the same 
amount (4 mol.) of water of crystallisation and are almost identical in 
solubility ; the active barium salt contains much more water of crystal- 
lisation (2 mols.) than the inactive, and is much more soluble ; the 
active strontium salt has an even larger amount of water of crystal- 
lisation (3 mols.) than the inactive, and is enormously more soluble. 
In the magnesium, zinc, and cadmium sub-group, on the other hand, 
the inactive and active zinc salts are less soluble than the corre- 
sponding salts of magnesium and cadmium, the magnesium inactive 
and the cadmium active being the most soluble. The magnesium 
inactive and active contain the same water of crystallisation (1 mol.) 
and differ comparatively little in their solubility ; the cadmium in- 
active and active salts contain also the same water (14 mols.), but 
the active is enormously the more soluble; similarly, the active and 
inactive zinc salts contain the same water of crystallisation (1 mol.), 
but the active is, notwithstanding, much the more soluble. 


311 


S 
— 
BH 
o 
7 
p 
< 
<3} 
& 
=) 
& 
oO 
al 
a 
— 
oO 
“ 
12) 
— 
(ox) 
<2] 
=) 
i) 
S 
is] 
io) 
mM 
ial 
{=| 
a 
mM 


62. ST— 
£9. £6 — 
80. 06 — 
10-0T— 
16-1I- 
ve-€I- 
¢£0-ST— 
03-6 — 
9F-9T— 
eI. 9I- 
099- 03 — 


ol- ¥— 


oO'HfI + *(’O°H*D)PO 
OH + *('O'A*O) Uz 
o'H + *(’o'H*0) 3K 
O*'HZ + *('O'H*D) ea 
o*ne + ('otato)ag 
O*HZ + *\'O"H*D)*0 
‘o'n*0"HN 
‘o*’n*o"*o' non 
es: wed | 
oO*Ht + O*H*O8N 
‘o*HO!rT 


eee ereeeeeeee uIniUrps,) 


CRORES OS) +8 Net Cee N 


Tererey wINIseUsEyT 
te eeeeeeee eoummang 
treeeeees CUNIGUOL,S 

ve eeeee mumg}R9 
seeeoees UMIUOMUULY 
see(piov) = 
sees ee eeee somunIssDIOg 
re eeeeeeeeeeee ee untpog 


ee ee ee ee eee mn WT 


‘('o°H*O) 
prot o1s004|3 
jO u014R}04 
oywodg 


OOT 


“@[e) « WW 


‘q[Us 
snoapfyue 
jo U0rzU40.1 
AV[NIO[OFT 


“4[ts 


*posfyeue 
snoipsyuy 


8B 4[eS 


‘d[] ‘uo1jez01 oyioadg 


‘aqny 
‘Up $86. T 
ur out] @ 

JOJ TOIYLIOI 
pvasesqQ 


*(038zu00 
-aad) uot | 
-BIZUBIMOL) | 


“e[NUWIOT 


PoURCORU ES] 


312 FRANKLAND AND APPLEYARD: 


Tn the table (p. 311), we have recorded the activities of the several 
salts experimented with, together with their molecular rotations and 
the specific rotation of the glyceric acid as deduced from the rota- 
tions of the individual salts. 

The figures which are of chief importance in the above table are 
those in the last column, which indicate the optical activity of the 
glyceric acid as calculated from the optical activities of the several 
salts. From these figures it is at once apparent that the specific 
rotation of the glyceric acid is subject to great variations according 
to the particular metals which have replaced its hydrogen; broadly 
speaking, its activity is greatest when the hydrogen is replaced by 
the metals of the magnesium group, least when replaced by the 
metals of the alkaline earths, and intermediate when the alkaline 
metals are introduced. The dependence of the activity of the acid on 
the metal introduced is perhaps most forcibly brought out by the 
optical behaviour of the normal and acid potassium salts; thus the 
molecular rotation of both these salts is almost identical, which 
means that the molecule of glyceric acid which the acid salt con- 
tains exercises practically no influence on its rotation ; the rotation of 
a solution of the acid salt is, in fact, the same as that which is ob- 


served if only such a quantity of normal salt is in solution as is. 


present in the acid salt itself. 

That the optical activity of the glyceric acid is influenced by the 
particular metal replacing its hydrogen was indeed already shown 
by one of us in the original communication (Trans., 1891, 59, 96), for 
the activity of the salts is both much greater in degree than that of 
the glyceric acid from which they are derived, and also opposite in 
direction. 

That the optical activity of an active substance is altered by in- 
troducing different inactive substances is quite out of harmony with 
the more recent views which have been expressed on this subject. 
Thus Ostwald (Lehrb. der allgemeinen Chemie, Leipzig, p. 498, 1891) 
states, “‘ Both the compounds of active bases with inactive acids, as 
well as those of active acids with inactive bases, are subject to the 


simple Jaw that the molecular rotation of the salts in somewhat dilute 


solution is independent of the nature of the inactive part.” This law, 
which is due to Oudemans, is based on observations made with the 
monacid alkaloids, which yield the same molecular rotation irrespec- 
tive of the acid with which they are combined, and again from 
similar observations which have been made with the salts of active 
acids, thus for 
K. Na. Am. 
Podocarpic acid... 134° 133° 130° 


2. 
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. Na. Am. Ba. Sr. Ca. Mg. 
Quinic acid “6° 489° 47°9° 46:8 48°7° 48:4 47-9° 
Cholalic acid.... , 27:0° 


AmHT. NaHT. KHT. 
28°5° = 27°5° =: 283° 
Ams. Na). Ky. Mg. 
Tartaric acid (nor- 
mal salts) 42°9° 39°9° 43°0° 41°2° 
(NH,)Na. (NH,)K. NaK. 
Tartaric acid (nor- 
mal salts) 41°2° 42°6° 41°6° 
Li. Mg. Amy Ca. Nay Ky Ba. 


Camphoric acid 
(normal salts).. 37°5° 39°5° 38°4° 39°1° 36:0° 36°1° 36°5° 


Amongst these acids we must distinguish between those the rota- 
tion of which is less, and those the rotation of which is greater than 
that of their salts. Thus tartaric acid has a much smaller rotation 
than its salts, quinic acid a slightly smaller rotation than its salts, 
whilst the rotations of cholalic and camphoric acids are much greater 
than those of their salts. The rotation of podocarpic acid is almost 
exactly the same, but if anything slightly greater than that of its 
salts; Beilstein gives it as [a]p = +136°. 

It is obvious that we should not necessarily expect the phenomena 
exhibited by camphoric and cholalic acids to resemble those to which 
glyceric acid gives rise, inasmuch as the relationship of their optical 
properties to those of their salts is so entirely different from the 
relationship subsisting between glyceric acid and its salts. 

In the case of tartaric acid, however, analogy to glyceric acid ip 
this respect might reasonably be expected, and, indeed, it will be 
found that such analogy does exist as far as the salts of tartaric acid 
have been investigated; but in the case of tartaric acid, only the 
lithium, sodium, ammonium, potassium, and magnesium salts are 
available for comparison. Thus the specific rotation of the tartaric 
and glyceric acids respectively deduced from these salts is as 


follows :— 
Li. Am. Na. K. Mg. 


38°6°  42°9° 39°9° 43:0° 41°2° 
21°8°  20°9° 19°5° 22°4° 222° 
In both series the activity culminates in the potassium salt, the 


activity of the ammonium salt being also greater than that of the 
sodium salt; however, the differences within this series are so small 
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that we cannot attribute any great importance to them withont 
making a more exhaustive investigation of the individnal salts, so 
that the effect of dilution may be more taken into account, and this 
we propose doing later. 

If then the above had been the only salts of glyceric acid examined, 
the results would have fully substantiated the law which has been 
enunciated by Oudemans, but it is impossible to harmonise with this 
law the rotations either of the glycerates of the alkaline earths or of 
zine, the former giving values for the specific rotation of glyceric 
acid very much below, and the latter very much in excess of, the 
values obtained from the alkali salts. The cadmium salt, on the 
other hand, gives a value for the specific rotation of glyceric acid 
which is somewhat above that derived from the magnesium, but 
much below that calculated from the zinc, salt. 

It should be pointed out, indeed, that the rotations of the tartrates 
themselves do not altogether support Oudemans’ law, since the 
rotation of tartar emetic is altogether anomalous, giving a value for 
the specific rotation of tartaric acid enormously greater than that 
which is calculated from the other salts of tartaric acid. ‘This 
anomaly, which occurs also in the case of ammonium antimony] 
malate, is duly recognised by Oudemans himself, although he does 
not attempt to give any explanation of the circumstance beyond 
remarking that the peculiarity must be attributed to the antimony of 
the antimonyl group. This is practically a renunciation of the validity 
of the law which he has himself formulated. 

The phenomena exhibited by the salts of quinic acid, which have 
been so carefully investigated by Oudemans, are also enlisted by him 
in support of his generalisation, but a careful examination of his 
figures shows that these salts display the same optical relationships in 
miniature as are met with on an exaggerated scale in the case of the 
glycerates. 

Thus, after giving the mean specific rotation of quinic acid calcu- 
lated from the rotations of its salts as below, 


[a]p for C;H,,0,, 
From K salt 
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he says that “the difference between the values obtained and this 
mean are in general very small; only the values obtained with the 
zinc salt and the barium salt sensibly deviate from it. Probably 
these differences must be attributed to divers disturbing influences, 
such as the influence of concentration, errors of observation, impurity 
of the salts employed, &c.”’ 

It will be observed that these deviations from the mean are the 
same in kind as those of the zinc and barium salts of glyceric acid, 
although much less in degree. 

In the case of lactic acid, however, the parallelism, as far as it goes, 
is complete, but the data unfortunately are most scanty. Thus 
Wislicenus (Annalen, 167, 332) determined the rotations of the 
calcium and zinc salts of sarcolactic acid with the following results :—- 


P Speci 
Percentage Specific Molecular sotelion of 
concentration | Totation of rotation lacti 
. anhydrous ro" a 
for anhydrous salt M x [a]p. acid 
[a] yf 100 (calculated), 
C;H,O3. 


—7 30° —17-76° —9°87° 
7°29 17°74 9°85 
7°83 19°05 10°58 

Zn(C;H;03)-2 + H,O . ° 8°49 20°66 ll “48 


8°43 20°51 11°39 
8°73 21°24 11°80 


Ca(C,H,0;). + 9H.0 —5°25 —11°45 - 6°36 


From the above it will be seen that not only is the specific rotation 
deduced for lactic acid very much greater in the case of the zinc salt 
than in that of the calcium salt, but the ratio between the two values 
is almost identical with the ratio between the corresponding values 
for glyceric acid. Thus selecting, of course, the rotations for the 
same concentration in the case of the zinc and calcium lactates, we 
have 

Specific rotation of lactic acid 
deduced from zinc lactate > ee 1805 
°4e : a > > — —_— > ] 
Specitic rotation of lactic acid 6°36 
deduced from calcium lactate 


whilst for zinc and calcium glycerates we find— 


Specific rotation of glyceric acid 
deduced from zinc glycerate 


Specific rotation of glyceric acid 
deduced from calcium glycerate 
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The coincidence is as close as could be anticipated when it is borne 
in mind that the concentration for which this comparison is made in 
the case of the lactates (5°36 per cent.) is ouly about one-half as 
great as that (10 per cent.) for which it has been made in the case of 
the glycerates. We purpose shortly making a fuller examination of 
these remarkable relationships in the case of the lactates, for which 
further information is urgently demanded. 

Turning again to the table of glycerate rotations on p. 311, it would 
appear that there are no less than four values for the specific rotation 
of glyceric acid deducible from its metallic compounds; the lowest 
is that derived from the acid potassium salt, the second that from the 
salts of the alkaline earths, the third that from the alkaline salts, as 
well as the salts of magnesium and cadmium, whilst the fourth and 
highest value is that calculated from the zinc salt. These values are 
approximately in the ratio of 1: 15: 2: 3. 

It is further worthy of remark that in the case of the alkaline and 
magnesium salts the specific rotation of the glyceric acid is approxi- 
mately one-half of that of tartaric acid deduced from the same salts, 
whilst in the case of the zinc and calcium salts the specific rotation of 
lactic acid appears to be about one-third of that deduced for glyceric 
acid when combined with the same metals. 

It thus appears that the influence of different metals on an active 
acid is at any rate well marked in the case of those acids which have 
a lower specific rotation than their salts; thus, in the case of quinic 
acid, the influence of the metal on the activity, although distinct, is 
not nearly so pronounced as in that of glyceric and lactic acids; but 
it is just in the case of glyceric and lactic acids that the rotations of 
the salts are so much greater than the rotations of the free acids, 
whilst in the case of quinic acid the free acid has a rotation but slightly 
inferior to that of its salts. Tartaric acid, the rotation of which is 
also much increased in its salts, has not had the optical properties of 
the latter sufficiently investigated to throw light on this point, the 
determinations being limited to the salts of the alkalis and mag- 
nesium, but the remarkable rotation of tartar emetic, already referred 
to, clearly points to the powerful influence of some metals on the 
specific rotation of this acid also. As regards camphoric acid, in 
which the rotation of the acid is much greater than that of its 
salts, the data are insufficient to determine whether the activity of 
the acid is influenced by the nature of the metal introduced; it 
is worthy of remark that in Hartmann’s figures, given above (see 
p-. 313), there is some evidence of the values being in the inverse 
order to that which holds good in the case of the glycerates, 
tartrates, and quinates, but the differences in these values for the 
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salts in question are so small that much stress cannot at present be 
laid upon them. 

In conclusion, we may refer to the advanced and beautiful 
theory of M. Philippe Guye (Arch. des Sci. Phys. et Natur. 1891, 
26, 97—369) that the degree of rotation of active substances is 
dependent on the extent of the dissymmetry of their molecules, as 
measured by the inequality of the masses of the four groups attached 
to the asymmetric carbon atom. This theory, which serves to 
account for the relationship between the rotations of such a large 
number of substances, fails signally, as admitted by Guye himself, 
in the case of the aqueous solutions of the simplest active acids and 
their salts, namely, lactic and glyceric acids and their salts. Thus, 
formulating these acids as below, 


HO COOH HO COOH 
=I7 =45 =17 =45 


CH; CH, 0H 
=I5 =3I 
Lactic acid. Glyceric acid. 


it is obvious that in each case their salts should rotate the plane of 
polarisation in the same direction as the parent acid, inasmuch as the 
displacement by metals of the hydrogen in the COOH group has the 
effect of still further weighting the heaviest of the four groups, yet 
as a matter of fact in the case of both acids the sign of the rotation 
is opposite to that of their salts. Not only is the theory inadequate 
to explain the relationship between the rotations of these acids and 
their salts, but the relationship between the rotations of the salts 
themselves is out of harmony with it ; thus, taking the salts of glyceric 
acid with the monad metals, the specific rotation of the lithium salt 
should be the lowest, and that of the potassium salt the highest; 
again, in the case of the glycerates of the dyad metals, the rotation 
of the magnesium salt should be lowest and that of the barium salt 
the highest, but, as a matter of fact, none of these predictions is 
actually verified. Indeed, in the present uncertain state of our know- 
ledge concerning the phenomena of solution, these peculiarities do 
not appear to admit of any satisfactory explanation, but they may at 
some future time be of great importance in throwing light on the 
complex problems of solution itself. 
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We do not at present propose drawing any conclusions from the 
relationships between the rotations which we have established, as we 
purpose making a more detailed investigation of these phenomena, 
in which the effect of concentration will have to be further tested. 
The results, however, as far as they go, appear to lend support to 
and to extend the views on multiple rotation which have been ex- 
pressed by Mulder (Zeitschr. f. Chem., 1868, 58), Krecke (J. pr. 
Uhem., 1872, 5, 6), Landolt (Ber., 1873, 6, 1073), and T. Thomsen 
(Ber., 1880, 2168, 2264, 2269; 1881, 29, 134, 203, 807, 1647), but 
subsequently controverted by Landolt (Ber., 1881, 296, 1048) and 
Oudemans (Rec. Trav. Chim., 1885). 


University College, 
St. Andrews University, Dundee. 


XXII.—Desulphurisation of the Substituted Thioureas. 


By Avaustus E. Dixon, M.D., Professor of Chemistry, Queen’s 
College, Cork. 


In a paper communicated some years ago to this Society (Trans., 
1889, 55, 618), I drew attention to what appeared to be a pecn- 
liarity of the symmetrical fatty di-substituted thioureas, namely, 
that the sulphur was not removed on boiling them with an alkaline 
solution of lead hydroxide; whilst, on the other hand, if either or 
both of the substituting groups were non-fatty, desulphurisation took 
place. 

Only four cases, however, of saturated compounds were instanced 
in support of the above statement: three of these, moreover, were not 
purely fatty, but contained benzylated residues (methylbenzyl-, ethyl- 
benzyl-, and dibenzyl-thioureas) ; the fourth (diethylthiourea) was 
given on the authority of v. Hofmann (Ber., 2, 601). 

Owing to the meagreness of the data then available, the statement 
was advanced with some reserve ; but an examination has since been 
made of a considerable number of these compounds, the result of 
which warrants, I think, the conclusion that the rule above formulated 
is, with a certain modification, generally applicable. In testing its 
validity, a number of new thioureas have been incidentally prepared, 
an account of which will be found below. 

The modification in question has reference to the behaviour of di- 
substituted thioureas containing the allyl group; the latter appears 
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to act in a similar way to the fatty residues, conferring on the mole- 
cule a like immunity against the attack of alkaline lead solution, 
though sometimes to a less extent: in this respect, therefore, the allyl 
group stands between the fatty and the aromatic. 

But even the maximum desulphurisation in the case of those allyl- 
thioureas which have been examined is very trifling as compared 
with those containing aromatic residues; and in some cases the mix- 
ture after boiling remains perfectly clear and colourless. The slight 
desulphurisation which does sometimes occur is, perhaps, due to the 
difficulty in obtaining these ally! compounds in a really pure condi- 
tion; and I think it may be stated as a rule, at all events for all 
practical purposes, that di-substituted thioureas containing an aro- 
matic group or groups desulphurise, whilst those which are free from 
them do not. 

It may be added, with respect to alkaline solution, that all mono- 
substituted thioureas appear to be desulpharisable ; the symmetrical 
di-substituted behave according to the rule just mentioned ; whilst tri- 
substitution derivatives, whatever the nature of the radicles may be, 
are desulphurised either with great difficulty, or, more probably, not 
at all. Only one tetra-substituted thiourea has been examined—tetra- 
phenyl—(by Bernthsen and Friese, Ber., 15, 1532) ; this is not only 
not desulphurised by alkaline lead solution, but does not even sensibly 
lose sulphur after several hours’ boiling with mercuric oxide. 


Symmetrical Diisobutylthiourea. 


On mixing dilute ethereal solutions of isobutylamine and carbon 
bisulphide, heat was evolved, and the whole solidified to a pure 
white, crystalline mass of isobutylammonium isobutyldithiocarbamate ; 
a salt having a greasy lustre and soapy feel, and melting at 
110—111° (uncorr.) with effervescence, due to the escape of hydro- 
gen sulphide. It is freely soluble in water and alcohol, the solutions 
being decomposed on heating. The corresponding thiourea was ob- 
tained by boiling the dithiocarbamate in alcoholic solution until 
hydrogen sulphide ceased to be expelled, and was obtained, after re- 
crystallisation from spirit, in fine, colourless, rhombic plates melting 
between 87° and 88°. A sulphur estimation gave the following 
result :— 


0'3403 gram of substance yielded 0°4220 gram BaSQ,. 
Calculated for 
CSN,H,(0,Hg)>. Experiment. 
17:03 per cent. 17°05 per cent. 


The substance dissolves to a small extent in boiling water, separ- 
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ating out again, for the most part, as the liquid cools; it is moder- 
ately soluble in benzene, easily in alcohol, and very freely in chloroform. 
Silver nitrate, when added to the alcoholic solution, produces no pre- 
cipitate, but the mixture gradually blackens. The addition of am- 
moniacal silver nitrate produces instantly a precipitate of silver 
sulphide ; the sulphur is not removed, however, by boiling with alka- 
line solution of lead. 

The three following compounds—methyl-, ethyl-, and pheny]l- 
isobutylthioureas—were prepared and analysed under the impression 
that they were hitherto undescribed ; a recent paper by Hecht (Ber., 
25, 813) having escaped my notice at the time. My observations 
regarding their solubilities agree precisely with his, and need not, 
therefore, be detailed: some trifling differences noted in the crystal- 
line forms are due, probably, to the fact of his having recrystallised 
from water, whilst I employed dilute alcohol for this purpose. 


Methylisobutylthiourea. 


Thin, rhombic plates melting between 77° and 78° (H. gives 77°5°). 
If silver nitrate is added to the alcoholic solution, the mixture slowly 
darkens in the cold; on warming, it blackens at once, and a very fine 
speculum is produced. The ammoniacal nitrate immediately pre- 
cipitates silver sulphide; but the solution is not desalphurised even 
by prolonged boiling with alkaline solution of lead. 


Ethylisobutylthiourea. 


Brilliant, vitreous, apparently rhombic crystals, melting at 76°5— 
77°5° (H. gives 77°5°); the yield is quantitative. Behaves like the 
preceding with neutral and ammoniacal nitrates of silver; it is not 
affected by boiling with alkaline solution of lead, but is readily de- 
sulphurised by yellow oxide of mercury. 


Phenylisobutylthiourea. 


Lustrous, white powder, consisting of long, entangled prisms. It 
melts at 81—82°, without decomposition (H. gives 82°). The yield 
amounted to about 95 per cent. of the theoretical. With neutral and 
ammoniacal nitrates of silver, it behaves like the methyl and ethyl 
compounds above mentioned, but differs from these by being desulph- 
urised with ease by alkaline lead solution.’ 


Di(sec.) butylthiourea. 


On mixing ethereal solutions of carbon bisulphide and secondary 
butylamine, the dithiocarbamate, C,H,;-NH°CS:S:NH;,°C,H,, separates 
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as a bulky, white powder, easily soluble in water or alcohol, and melt- 
ing between 108° and 109°. The thiocarbimide (“oil of scurvy- 
grass’) obtained from this by Hofmann’s mercuric chloride process 
was combined with secondary butylamine by boiling the substances 
together in alcoholic solution, and the resultant thiourea purified by 
repeated recrystallisation from benzene. Thus treated, it formed 
small, colourless prisms melting, without decomposition, at 100—101°. 
On analysis, the following result was obtained :— 


0°2101 gram of substance afforded 0°2649 gram BaSQ,. 


Calculated for 
CSN,H,(C,Hy9)>. Experiment. 


S........ 17°03 per cent. 17°32 per cent. 


Secondary dibutylthiourea, when heated with water, melts and dis- 
solves slightly at the boiling temperature, separating almost com- 
pletely as the solution cools, in oily droplets which rapidly solidify to 
masses of broad, leafy prisms; it may be conveniently purified in this 
way. It is readily soluble in alcohol, ether, and carbon bisulphide, 
very freely in chloroform. Warm benzene dissolves it very easily, 
but it is somewhat sparingly soluble in the cold. The alcoholic solu- 
tion is blackened quickly by neutral, and instantly by ammoniacal, 
silver nitrate; but neither the aqueous nor the alcoholic solution is 
desulphurised by boiling with alkaline solution of lead. 


Methyl (sec.) butylthiourea. 


Obtained in quantitative amount by mixing methylthiocarbimide 
and secondary butylamine in alcoholic solution. After recrystallisa- 
tion from dilute spirit, it formed vitreous, flattened, rhombic crystals, 
melting, without decomposition, between 79° and 80°. 

A nitrogen determination gave the following result :— 


0°2097 gram of substance afforded 34°5 c.c. moist nitrogen at 15° 
and 767 mm. 
Calculated for 
CSN,H,(CH;)-C,Hy. Experiment. 
19°21 per cent. 19°44 per cent. 


The substance dissolves to a limited extent in boiling water, and 
moderately in ether, but easily in alcohol, benzene, and chloroform. 
On the addition of silver nitrate, the mixture becomes, first clear 
bright yellow, then brown, and passes slowly to black ; silver sulphide 
precipitates instantly if the ammoniacal nitrate is used, but alka- 
line lead solution is without action, even after prolonged boiling. 
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Ethyl(sec.)butylthiourea. 


Ethylthiocarbimide and secondary butylamine unite in alcoholic 
solution, with evolution of heat, and, on evaporation, the thiourea is 
obtained in practically quantitative amount. When recrystallised 
from dilute spirit, it formed masses of brilliant, flattened crystals, 
melting without decomposition at 57—58°. 

A sulphur determination gave the following result :— 


0°2184 gram of substance yielded 03195 gram BaSQ,. 


Calculated for 
CSN.H,(C,H;)-C, Hy. Experiment. 
20°01 per cent. 20°11 per cent. 


This thiourea is somewhat soluble in boiling water, rather sparingly 
in cold; it dissolves freely in alcohol, ether, benzene, and chloroform. 
No effect is produced even by continued boiling with alkaline solution 
of lead; silver nitrate gives at first a colourless mixture, but on 
standing this slowly darkens. Ammoniacal silver nitrate desulphur- 
ises it instantly in the cold. 


Phenyl (sec.) butylthiourea. 


Prepared in like manner to the preceding, from phenylthiocarb- 
imide and secondary butylamine. On recrystallisation from dilute 
alcohol, it was obtained in long, colourless needles melting at 100—101° 
(uncorr.). 

A sulphur determination was made :— 


0'2349 gram of substance yielded 0°2625 gram BaSQ,. 


Calculated for 
CSN,H,(C,H;)-C,Hg. Experiment. 
15°40 per cent. 15°36 per cent. 


The substance is rather sparingly soluble in boiling water (in which 
it melts), and nearly insoluble in the cold; it dissolves freely in 
alcohol, ether, chloroform, and benzene. With silver nitrate, it 
behaves like the corresponding methyl derivative; the ammoniacal 
nitrate causes a slight turbidity, but (unless heated) the mixture 
darkens very slowly. The solution is easily and quickly desulphur- 
ised by heating with alkaline solution of lead, with production of a 
galena speculum. 


Di-isoamylthiourea. 


This substance was prepared by boiling carbon bisulphide and 
isoamylamine in alcoholic solution, using a reflux condenser, until 
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hydrogen sulphide was no longer evolved. After several recrystal- 
lisations from alcohol, it formed brilliant, small, white prisms, melting 
undecomposed at 72—73°. 

Sulphur determination :— 


0'2230 gram of substance afforded 0°2430 gram BaSQ,. 


Calculated for 
CSN.H,(C; 4, Jo. Experiment. 
14°82 per cent. 14°98 per cent. 


It is almost insoluble in hot or cold water, easily soluble in boiling 
alcohol, moderately in cold, very freely soluble in ether and benzene. 
The alcoholic solution is blackened at once on the addition of am- 
moniacal silver nitrate; but the substance, when pure, is not de- 
sulphurised by boiling with alkaline solution of lead. 


Methylisoamylthiourea. 


Obtained, with considerable evolution of heat, by mixing methyl- 
thiocarbimide and isoamylamine in alcoholicsolution. After recrystal- 
lisation from alcohol, it formed beautiful vitreous rhombs, melting at 
75—76°, without decomposition. 

On analysis, the following result was obtained :— 


0:2365 gram of substance yielded 0°3434 gram BaSQ,. 


Calculated for 
CSN,H,(CH;) *C;Hj). Experiment. 
20°01 per cent. 19-96 per cent. 


The thiourea is moderately soluble in boiling water, somewhat 
sparingly in cold; easily in hot alcohol; moderately in cold alcohol, 
ether, and benzene; very freely in chloroform. The cold solution 
darkens very slowly on the addition of neutral, and at once on treat- 
ment with ammoniacal, silver nitrate; it is not desulphurised by 
solution of lead. 


Ethylisoamylthiourea. 


On mixing ethylthiocarbimide and isoamylamine in alcoholic solu- 
tion, they combined with evolution of heat, and the product, after stand- 
ing for nearly a week, solidified. It was dissolved in a little spirit, 
and crystallisation slowly induced by dropping into the solution a 
small quantity of the solid substance. After washing with alcohol, it 
formed an almost white, crystalline mass melting, without decom- 
position, at 45—4.6°. . 

Analysis gave the following result :— 
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0°2235 gram of substance afforded 0°3016 gram BaSQ,. 


Calculated for 
CSN,H,(C.H;) -C;H)). Experiment. 
S........ 18°40 per cent. 18°55 per cent. 


The substance is sparingly soluble in boiling water, still less so in 
cold ; it dissolves very freely in alcohol, ether, benzene, chloroform, 
and hot light petroleum. Neither the aqueous nor the alcoholic solu- 
tion is affected by boiling with alkaline solution of lead. It is 
desulphurised at once in the cold by ammoniacal silver nitrate; the 
neutral nitrate desulphurises it only on heating. 


Phenylisoamylthiourea. 


Prepared from phenylthiocarbimide and isoamylamine; it formed 
fine, vitreous, rhombic plates melting, without decomposition, at 
101—102° (uncorr.). 


Determination of sulphur :— 


0°2143 gram of substance afforded 0°2190 gram BaSQ,. 


Calculated for 
CSN.H, (C.H;) -C;H)). Experiment. 
S........ 14°43 per cent. 14:05 per cent. 


Phenylisoamylthiourea melts when heated with water, and dis- 
solves to a trifling extent, separating out again on cooling as a white 
cloud of minute globules, which soon sokdify. It is freely soluble in 
hot alcohol and benzene, somewhat sparingly in the cold ; very easily 
in ether and chloroform, With ammoniacal and neutral silver nitrate, 
it behaves like the corresponding methyl derivative; but it is de- 
sulphurised readily by boiling with alkaline solution of lead, with 
production of a dull speculum. 

The accompanying table* includes a list of nearly all the compounds 
whose behaviour with alkaline lead solution I have examined or found 
recorded. For shortness, only an abbreviation indicating the sub- 
stituting group or groups is used to denote the thiourea; thus Me = 
methylthiourea ; Ph, = thiocarbanilide; and in the case of tertiary 
derivatives, the radicle placed first denotes the thiocarbimide em- 
ployed in its preparation. Bz,Me,Ph, for example, is the thiourea 
obtained from benzylthiocarbimide and methylaniline; Me,Bz,Ph, 
that from methylthiocarbimide and benzylaniline. Where an asterisk 


* Through the courtesy of Professor Hecht, of Wiirzburg, I have been enabled 
to extend this table by the introduction of a number of compounds (marked with a 
double asterisk **) which were not at my disposal ; notably the propyl and several 
allyl derivatives. For some notes in reference to these, see post. 
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is added, it indicates that the behaviour of the substance so marked 
has not been tested by me; I have personally verified all the unmarked 
cases. 


Desulphurised. Not desulphurised. 


Mono-substituted. 


Di-substituted. 


Di-substituted. 


Tri-substituted. 


Ph, 
0-Tos 
m-T0o 
p-To, 
Mes,* 
(PrC,H,).* 
(BuC,H,);* 
B-Nap, 
All,Ph 
All,o-To 
All,a-Nap 
Et,.Ph 
Pr,Ph** 
iso-Bu,Ph 
sec. Bu,Ph 
tso-Am,Ph 
Bz,Ph 
unsym. Bz,Ph 
Me,o-To 
Et,o-To* 
Bz,0-To 
Ac,o-To 
(PhCO)o-To 
Me,p-To 
Bz,m-To 
Bz, p-To 
m-Xyl,Bz 
a-Nap, Bz 
B-Nap, Bz 
Ac,Bz 


Meg 
Et.* 
me oa, 
Me, Pr** 
Et, Pr** 
tso- Rug 
Me,‘so- Bu 
Et,iso-Bu 
sec. Bus 
Me,sec.Bu 
Et,see.Bu 
tso- Am, 
Me,iso- Ain 
Et,iso-Am 
Me,Bz 
Et,Bz 
Bz, 
Me, All** 
Et, All** 
Pr, All** 
All,** 
iso-Bu,All** 
Bz,All 


Me,Et,** 
Mey,Ph 
Me, Kt,Ph 
Me,Ph,Bz 
Bz,Me,Ph 
Et,Bz,Ph 
Bz, Et, Ph 
Ph, Et,Bz 
Bz,Bz,Ph 
PhCO,Ph, Et 
Me,Pip** 
Et,Pip 
Pr, Pip** 
Ph,Pip 
Bz,Pip 
PhCO,Pip 


>» 


Tetra-substituted. 


a | 


Ph,* 


Weith considered (Ber., 7, 10) that the desulphurisation of the 
thioureas was not due to a simple interchange of oxygen for sulphur, 
but was conditioned by the withdrawal of H,S, the water produced 
(by its interaction with the metallic oxide) then combining with’the 
organic residue to form the corresponding urea. As evidence of the 
correctness of this view, he cited the result obtained when the 
desulphurisation took place under conditions such that the water had 
only limited access to the desulphurisation product (in benzene solu- 
tion); under these circumstances, not a urea, but a carbodiimide, 
was formed, for exxmple :— 

NH-C,H; N-C,H; 
OS<yu-c.H, = °<y-cuu, + 2S. 
VOL. LXIII, 2A 
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At that time the tri-substituted thioureas were unknown; but a re. 
ference to the table will show that the behaviour of these compounds 
is in accordance* with the principle stated, as is also that of tetra. 
phenylthiourea (see p. 319) and of the mono-substitution deriva. 
tives. 

But so far, at least, as a moderately dilute solution of lead hydr- 
oxide is concerned, the mere retention in a substituted thiourea of 
two of the original hydrogen atoms is not alone sufficient to deter. 
mive the elimination of its sulphur. For, as already stated, these 
di-substitution compounds, in which both groups are of a fatty nature 
or allylic, agree in withholding it, whilst if an aromatic. group is pre- 
sent,.the sulphar is readily given up. 

Further, if these substances when in solution possess the same con- 
figuration as in the solid state, the structural arrangement of the groups 
in the molecule can scarcely account for the observed phenomena; 
for the mode of production of the thioureas from primary amine 
and thiocarbimide, the radicles in which may be exchanged without 
affecting the nature of the resultant compound, leads to the conclu- 
sion that they possess a symmetrical, and therefore similar, constitu- 
tion. Moreover, the property in question appears to be exhibited also 
amongst the unsymmetrical compounds. The unsymmetrical+ isomer 
(prepared from benzylaniline) of benzylphenylthiourea (from benzyl- 
thiocarbimide and aniline, or from phenylthiocarbimide and benzyl- 
amine) yields up its sulphur almost as readily as the symmetrical 
compound, whilst unsymmetrical diethylthiourea (prepared from 
diethylamine) behaves like its symmetrical isomer. 

But the statement that a given compound CSN,H,R, is symmetrical 
applies strictly only to its existence in the solid condition; some 
evidence has lately been brought forward that at least one di-substi- 
tuted aromatic thiourea (phenyl-a-naphthyl, Foerster, Ber., 21, 1869), 
which in the solid condition is symmetrical, assumes in solution 
tautomeric forms. Thiocarbanilide also, CS(NH-C,H;)., yields with 
chloracetic acid a diphenylthiohydantoin whose structure suggests its 
derivation from a compound interacting in the (alcoholic) solution as 
C,H,N:C(SH)NH-C,Hs. 

A conceivable explanation, therefore, of the phenomena is that 


* In a paper on “Tsomerism amongst the Thioureas” (Trans., 1892, 61, 542), 
I stated that phenylethylbenzylthiourea was gradually desulphurised by continued 
boiling with alkaline solution of lead. But the desulpburisation was not consider- 
able; and I think that it may have been due to the presence of a trace of phenyl- 
ethylthiourea, the crude ethylbenzylamine prepared from ethylamine and benzyl 
chloride having been used in its preparation. 

+ That is, a thiourea in which both radicles are attached to a single nitrogen- 
atom, 
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compounds of this class in which an SH group is contained may 
present less resistance to the withdrawal of their sulphur than where 
it is held as —C:S; and that in solution, and in presence of alkali, 
the aromatic derivatives may assume the tautomeric form 


RN:C(SH)-NHR, 


whilst non-aromutic derivatives remain unchanged, In order to 
obtain some direct evidence as to the active structure of the molecule 
under the conditions stated, the following experiment was made :— 
Phenylisobutylthiourea was converted (by the action of mercuric 
oxide, in presence of ammonia) into the corresponding guanidine ; 
and the latter decomposed by heating with carbon bisulphide at 
120°. The product was a brownish oil, free from any odour of thio- 
carbimide, but giving up to water, (combined) thiocyanic acid. The 
residual oil slowly solidified, and on recrystallisation, first from 
alcohol, and then from water, a substance was obtained having the 
appearance, and giving the reactions, of phenylisobutylthiourea, and 
melting at the same temperature, namely, 82°, Another compound 
of higher melting point was obtained along with this, but the quantity 
was too small for further investigation. 
These facts indicate that, when undergoing desulphurisation. the 
dissolved thiourea retains—at all events, in the main—the same con- 


figuration as in the solid state, namely, OS<Nune From this 


symmetrical compound the guanidine, wito<tne is produced, 


which interacts with carbon bisulphide as follows :— 


S:0:8 + NH:C<NHED — og cB + HSON; 

the latter, however, was not obtained free, but combined with a 
portion of the guanidine, as the corresponding thiocyanate. 

Had the thiourea interacted in the form XN:C(SH)-NHY, the 


resultant guanidine, XNC<NH should have given either pheny|- 


thiocarbimide and isobutylthiourea or isobutylthiocarbamide and 
phenylthiourea ; thus, e.g. :— 


S:C:S + PhN:CcNHBu _ gg -NHBu | panos, 


NH, <NH, 


Notes. 


1.—Dimethylthiourea, according to Andreasch (Monatsh., 2, 277), is 
asyrup, Hecht (Ber., 23, 286), who obtained.it in the solid state, 
242 
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gives the melting point as 51°5°, and Salkowski (Ber., 24, 2729) 
49—50°. I found the recrystallised substance to melt at 51—52°. 
2.—Monometatolylthiourea is stated by Weith and Landolt (Ber., 8, 
719) to melt at 103°. According to my observations, it melts (with- 
out decomposition) at 110—111° (uncorr.). It is desulphurised with 
great ease, with production of a very brilliant speculum. 
3.—Dimetatolylthiourea.— W eith and Landolt (ibid.) give the melting 
point as 122°. 1 found it to melt without decomposition at 111—111-5°. 
It is easily desulphurised, with production of a dull speculum. 
4.—Di-B-naphthylthiourea.—Cosmer (Ber., 14, 61) states that this 
is desulphurised with difficulty, and imperfectly, by alcoholic potash. 
I am not quite certain what is meant by this; but there is, at all 
events, no difficulty in removing its sulphur in combination with 
lead. If it be boiled for a few seconds with alcoholic potash, and 
lead acetate solution then added, the mixture blackens instantly; or 
if it be mixed (in alcoholic solution) with alkaline solution of lead, 
desulphurisation occurs readily before the boiling point is reached. 
5.—Allylthiowreas—Professor Hecht has kindly communicated to 
me the results which he obtained on treating a considerable number 
of thioureas with alkaline lead solutions. The following details con- 
cerning the allyl compounds I owe to him :— 


Methylallylthiourea.—Brown coloration; no precipitate. 


Ethylallylthiourea.—Solution remained clear. 
Propylallylthiourea.— ,, - 
Diallylthiourea.—Faintly deskoned. 
Allylisobutyl'hiourea.—Darkened ; tendency to form mirror. 
Allylbenzylthiowrea.—Darkened, and mirror formed. 


The last result accords with my own observations, which showed 
(Trans., 1891, 59, 560) this substance to be desulphurisable, though 
only feebly and after prolonged boiling. From allylthiocarbimide 
and secondary butylamine, I have prepared (but not analysed) 
allylbutylthiourea as a nearly white, crystalline substance, very 
soluble in alcohol, melting at 29—30°, and unaffected by boiling 
with lead solution. 

6.—Acid Groups.—Only one case was examined of a non-aromatic 
di-substituted thiourea containing an acid group. Acetylbenzyl- 
thiourea, the compound in question, readily desulphurises (Trans., 
1891, 59, 562), from which it appears that the acid group functions 
in this respect differently from the alkyl. 


Chemical Laboratory, 
Queen’s College, Cork. 
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XXIII.—The Production of Naphthalene Derivatives from Dehydracetic 


By J. Norman Couture, Ph.D., University College, London. 


In a former paper (this vol., p. 126), I drew attention to the fact that 
diacetylacetone was not only capable of “ condensing ” to form orcinol, 
but that if a solution of it made slightly alkaline by barium hydrate 
was allowed to remain for a time, it was gradually transformed into 
a substance which crystallises in yellow needles; this I believed to 
be a naphthalene derivative, 


2C; Hy Os = C,,H,,0; + 3H,0. 


Since then I have been able ‘to study this interesting compound 
more carefully, and have obtained from it a substance which has all 
the properties of a naphthalene hydrocarbon. 

This condensation of diacetylacetone and of its allied compounds 
are of considerable interest, as it enables us to trace, step by step, 
the simple manuer in which the gradual building-up of the most 
complicated molecules is effected, and to realise that the chief 
change is always one involving the elimination of the elements of 
water. 

The attempt to artificially produce naturally occurring substances, 
and to imitate in the laboratory some of the many processes which 
are perpetually being carried on around us in nature, has always 
been one of the chief aims of the organic chemist; and although at 
the present time we are almost éntirely ignorant of the methods by 
which most of these processes are effected, still we can, with a con- 
siderable amount of certainty, guess at a solution of part of the 
problem. 

Polymerisation and condensation are probably the two chief types of 
change which are instrumental in forming many of the multitu- 
dinous natural compounds, condensation being usually the outcome of 
the union of carbon atoms in consequence of the elimination of water. 
In the laboratory, these two changes are every year becoming of 
greater interest to the chemist, the exceptionally brilliant work of 
Fischer on the sugars being an instauce of the former, whilst it is 
only necessary to turn to any modern work on the synthetical 
formation of carbon compounds to see how inexhaustible the latter 
may be. 

The compounds which condense or polymerise most easily are, no 
doubt, the aldehydes and ketones, and they show this linking of 
carbon atom to carbon atom in the most pronounced manner. 
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It is well known how easily the acetyl group present in aldehyde 
and acetone condenses with itself— 


CH,C/0...HJCH-CO.. 


and numberless instances of a similar nature “vn be given, such as 
the formation of mesityl oxide, mesitylene, cinnamic acid, &. 

I have already drawn attention to the formation of dehydracetic 
acid as an excellent example of this kind of condensation, suggesting 
also that dehydracetic acid was the é-lactone of tetracetic acid. The 
series of condensed acids and corresponding ketones is now complete 
as far as tetracetic acid— 

CH;CO-CH,CO-C H,CO-CH,-COOH, CH;CO-CH,-COOH, 
Tetracetic acid. Diacetic acid. 
CH,CO-CH,CO-CH,-COOH, CH,COOH. 


Triacetic acid, Acetic acid. 


The corresponding ketones are— 


CH;CO-CH,CO-CH,CO-CH,, CH;°CO-CH;, 


Diacetylacetone. Acetone. 


CH,;CO-C H.°CO-CH;. 


Acetylacetone. 


The higher members of both these series undergo further com 
densation, tetracetic and triacetic acids at once giving lactones— 


O O 


ZN ZN 

CH, COUH:G 0-CO | CHy¢ UO 
HC CH, HC CH, 

\Z hd 

co CO 


Dehydracetic acid. Triacetic acid lactone. 


s 


whilst diacetylacetone also loses water when heated, producing di- 
methyl pyrone— 


Dimethylpyrone. 


Again, these last-mentioned condensation products are most easily 
acted on by ammonia, yielding hydroxy-derivatives of the pyridine 
series — 


NAPHTHALENE DERIVATIVES FROM DEHYDRACETIC ACID. 331 


aa’-Dimethylpyridone. a’y-Dihydroxy-a-methylpyridone. 


and these compounds in their turn can be made to condense, forming 
still more complicated substances. 
I have also shown how orcinol, a true benzenoid compound, can be 
formed from diacetylacetone— 
CH 
: 4~... 
agi CHC bor, 
-_ HC CH 
\Z Y/Y 
eines COH 


Diacetylacetone. Orcinol. 


And now, lastly, I have obtained some coloured derivatives from 
diacetylacetone which are certainly nearly allied to naphthalene 
compounds, for, on heating them with zinc dust in a current of 
hydrogen at a low red heat, they yield naphthalene hydrocarbons. 

The ease with which these condensations occur is also most 
remarkable. To take diacetylacetone as an instance: When warmed, 
it at once loses water and is converted into dimethylpyrone, which 
has only to be mixed with strong ammonia in order to produce 
pyridine derivatives. 

Again, a solution of diacetylacetone in baryta water, if left for a 
time, deposits yellow crystals which are nearly allied to true naph- 
thalene derivatives. On the other hand, diacetylacetone has only to 
be warmed with soda solution when it at once undergoes decomposi- 
tion, yieldirig sodium acetate and acetone. The connection existing 
between citric acid and dehydracetic is also worth calling attention 
to, as it is another instance of the linking of acetyl groups, whereby 
carbon atoms unite together to form a chain. v. Pechmann (Ber., 
24, 3600), by treating citric acid with sulphuric acid, has obtained 
acetonedicarboxylic acid — 

CH,-COOH 


40 , 
CH,°COOH a 
Citric acid. Acetonedicarboxylic acid. 


He then treats this acetonedicarboxylic acid with acetic anhydride, 
thereby introducing two acetyl groups into’ the molecule, an acid 
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being formed, which, on heating, is changed into dehydracetic acid 
and carbon dioxide— 


gives 
COOH-CH,CO-CH,CO-CH,-CO-CH,COOH, 
Diacetylacetonedicarboxylic acid, 


which, after losing water and carbon dioxide, leaves dehydracetic 
acid— 
CH;CO-CH,0-CH-CO-CH, ad 
* ea 


I think, therefore, that when it is possible to show that by merely 
using the simplest kind of change, namely condensation, acetyl 
groups will produce pyridine, benzene, and naphthalene derivatives, 
we have imitated nature in a remarkable manner. 

The compounds I have already referred to as naphthalene deri- 
vatives are formed directly from 2 mols. of diacetylacetone by conden- 
sution in alkaline solution. Their properties differ entirely from those 
paraffinoid substances, and the condensation occurs in two stages :— 


20H Os = C,,H,.O, + 2H,0, 
CHO, = C,,H,,0; + H,0. 


Both these compounds are yellow, and both dissolve in alkalis, 

giving a bright yellow solution. 
. The first condensation product, C,4H,.O,, very easily loses water, 
passing into the second, and it is probably the second substance with 
1 mol. H,O. I have not been able, however, to transform the com- 
pound C,,H,,O,; back again into the first, C,,H,.O,; butas they are both 
insoluble in water, this is not remarkable. 

The second substance, C,,H,,O;, easily forms salts. It dissolves 
readily in solutions of the alkalis, and alkaline earths, but is repre- 
cipitated on the addition of acids. Treatment with bromine gives 
rise to a dibromo-substitution product, whilst if heated with acetic 
anhydride at 150°, it yields a colourless diacetyl derivative, On 
mixing it with zinc-dust and heating in a current of hydrogen, no 
hydrocarbon could be obtained; but when the diacetyl compound was 
treated in a similar manner, it gave considerable quantities of a 
trimethylnaphthalene. Heated in a sealed tube with fuming 
hydriodic acid at 180°, a hydrocarbon was formed which, from its 
properties, seems to be an octohydrodimethylnaphthalene. The tri- 
methylnaphthalene, when heated in a sealed. tube with dilute nitric 
acid, yielded a substituted phthalic acid which gave the fluorescein 
reaction with resorcinol. 
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Judging from these reactions, the simplest explanation of the — 
formation of the substance seems to be the following :— 


CH;° ¢—CH—¢—CH'¢ C-CH; 

OH | OH: | 

H i H H 

CH, CO *GH-CO-G-G0- CH; 


which, when written as a naphthalene compound, is 


‘CO-CH; 


SZ NF 
COH COH 
22’-Dimethy1-3-aceto-44’-dinaphthol. 


It might have the tautomeric formula 


CH CH 


0:C(OH)-CH; ’ 
VV NZ 
COH CO 


in which case it would be a quinonoid substance. Its general pro- 
perties do not, however, favour this view. Not only does it resist 
all attempts to reduce it by any of the ordinary methods, but it does 
not give any insoluble compound with aniline. Again, if two acetyl 
groups be introduced into the molecule in the place of the hydrogen 
atums in the hydroxyl, the substance should still have a quinonoid 
structure, but the acetyl compound was found to be colourless. 

Further, three acetonaphthols have already been obtained: one by 
Witt (Ber., 21, 321), another by Erdmann (Ber., 21, 635), and the 
third by Hartmann and Gattermann (Ber., 25, 3534) ; and not only 
by their mode of preparation, but also from their properties, additional 
evidence in favour of the naphthol formula is obtained. 

Erdmann, by using the phenylisocrotonic acid synthesis of 
a-naphthol, prepares his acetonaphthol in the following way :— 


- OF CH, 


y-Pheny]-8-acetoisocrotonic acid, 3-Aceto-1-naphthol. 
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The substance that I have obtained from diacetylacetone resem- 
bles in most of its reactions the two acctonaphthols, as the following 
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tuble will show :— 


cu,’  \cu, 


BE 
‘ee 


Dimethylaceto- 
dinaphthol. 


Yellow needles. 


Alkali salts brilliant 
yellow, precipitated 
by carbon dioxide, or 
by salt. 


Sulphuric acid gives a 
bright red colour. 


Gives an orange-red 


A™. 
Lh CO-CH, 
OH 


Witt’s acetonaphthol. 


Pale green. 


Alkali salts brilliant 
yellow, precipitated 
by carbon dioxide, or 
by salt. 


Solution in sulphuric 
acid brilliantly col- 
oured, 


Diazobenzolsulphonic 
acid reacts with it, 


ae 
wy 
OH 


Erdmann’s aceto- 
‘ naphthol. 


Golden-yellow. 


Alkali salts bright yel- 
low, precipitated by 
carbon dioxide, or by 
salt. 


Sulphuric acid gives an 
orange-yellow colour 
to it. 


With diazo-salts it pro- 
duces dye-stuffs, 


dye-stuff with diazo- 
reaction. : giving orange dye- 


stuff. 


3: 3’-Dimethyl-2-aceto-1 : 1'-dinaphthol. 


The preparation of this compound has already been described. It 
crystallises in glistening needles which refract light strongly. It is 
not soluble in water, but dissolves easily in benzene, and also in hot 
glacial acetic acid. Strong sulphuric acid in the cold produces a 
bright red coloration with it, bat, on warming, total decomposition 


occurs.at once. Nascent hydrogen from tin and hydrochloric acid 
does not seem to have any effect on it, but when boiled with silver 
nitrate solution, it acts as a reducing agent, and metallic silver is pre- 
cipitated. 

If it is dissolved in alcohol and aniline added, no insoluble com- 
pound is formed, which shows that the substance is not an ordinary 
quinone. The alcoholic solution, however, gives a deep purple colour 
with ferric chloride. The sodium derivative is bright yellow and 
fairly soluble in water, whilst the barinm derivative is insoluble ; 
the latter can be obtained in large, dark, golden plates by boiling a 
solation of barium hydrate with the naphthol. 

Although the barium salt is insoluble in water, it may be recrys- 
tallised from a solution of caustic soda with but little loss. This 
property of-the salt seems remarkable. ; 


Ty wewmweryxT vr: 
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An analysis of the barium salt-was made :— 


0°313 gram of barium salt gave 0'111 BaSGQ, Ba = 21°1 percent. 

0°732 e » lost 0061 H,O at 130°. H,O = 83 
per cent. 

Calculated for (C4H,;0;),Ba,3H,0. Ba = 20°8 per cent.; H,O = 
8'3 per cent. 


Another analysis was also made of the dry salt :— 


0248 gram of barium salt gave 0°1005 BaSO, Ba = 23°5 per 
cent. 

0°153 gram of barium salt gave 0°062 BaSO,. Ba = 23°8 per cent. 

Calculated for (C,.H,;0;),Ba. Ba = 23-4 per cent. 


Attempts were made to convert the dimethylacetodinaphthol into 
phenols of the benzene series by fusion with solid caustic soda, but 
without success. 

Dimethylacetodinaphthol, when treated with bromine in glacial 


acetic acid solution, gives, at first, an insoluble compound, but this 


almost immediately redissolves and hydrogen bromide is evolved. 
On adding water, a yellow, flocculent precipitate separates. The 
substance seems to be a dibromo-derivative which is nearly colourless 
after recrystallisation from alcohol. It blackens very rapidly when 
heated, giving off hydrogen bromide, and melts between 100° and 
170°. 


0°344 gram of substance gave 0°335 AgBr. Br = 41:4 per cent. 
0°6385 gram of substance gave 0°680 AgBr. Br = 41°9 per cent. 
Calculated for C,,H,,Br,0;. Br = 412 per cent. 


I have made several attempts to obtain an oxime from it, but up to 
the present without any definite result. At ordinary temperatures 
no reaction occurs, and if the substance is heated with hydrochloride 
of hydroxylamine in alcoholic solution, only black, resinous products 
are formed. Witt also noticed that the acetonaphthol which he pre- 
pared did not react at ordinary temperatures with hydroxylamine. 

The attempts made to obtain a compound with phenylhydrazine 
gave similar results : either uo reaction took place or else non-crystal- 
line resins were formed. I hope, however, to be able to overcome this 
difficulty, for there is no doubt but that both these reagents act on 
the naphthol. Acetic anhydride does not act readily on dimethyl- 
acetodinaphthol ; but if the two are heated together in a sealed tube, 
a well-crystallised, colourless compound is produced, which can be 
easily purified by recrystallisation from alcohol. It contains no water 
of crystallisation, and melts at 165—166° (167—168°, corr.). 


336 NAPHTHALENE DERIVATIVES FROM DEHYDRACETIC ACID. 


0°195 gram of substance gave 0°490 CO, and 0°108 H,0O. 
0°208 ~ » Cn0 60 6g «= OEE. 


Found. 
Calculated for ————— 
C14H903(C2Hy0)>. I. II. 
6850 68°70 
6°15 6°25 


The substance is therefore a diacetate. When it is dissolved in 
soda solution, the liquid turns bright yellow, and on the addition of 
an acid, a yellow precipitate of the original naphthol is thrown 
down. 

Fortunately this diacetyl derivative, when mixed with zinc-dust and 
treated in a current of hydrogen, gives a comparatively large amount 
of a naphthalene hydrocarbon. If it had not been for this reaction, 
I should nut have been able to trace so easily the connection existing 
between these substances and naphthalene. 

The hydrocarbon which is produced is easily volatile with steam. 
It smells strongly of naphthalene, and crystallises from alcohol in 
glistening, white, feathery crystals. It melts at 9z—93°, and boils 
without decomposition at 263—264° (corr.). 

The analysis gave results which are not very easily explained, for 
they agree with the calculated numbers for a trimethylnaphthalene. 
The hydrocarbon one would expect to be formed is either dimethy]l- 
naphthalene or ethyldimethylnaphthalene. At first I thought that 
I might possibly be dealing with a mixture of the two, but I was 
quite unable to prove that it was a mixture. I could not effect any 
separation by sublimation, crystallisation, or distillation, the melting 
point remaining constant. 


0°1195 gram of substance gave 0°402 CO, and 0°0095 H,0, 
01lu74 ~—s, » 03615 , 00812 , 


+, Found. 
Calculated for Calculated for Calculated for Pe nr 
CyoHo(CHs)9. CioHs(CH3)3- CioHs(CHy)2(C2Hs). I. iI. 

C.... 91°30 91°76 92°3u 91°74 91°83 

H.... 869 8°23 7°69 841 839 


The formation of the trimethylnaphthalene can be explained in the 
following way :— 


CH, VN CH; 


Ves: 
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When the trimethylnaphthalene is oxidised by heating with dilute 
nitric acid in a sealed tube, a substituted phthalic acid is obtained, 
which gives the flnorescein reaction with resorcinol. 

Lastly, attempts were made to reduce dimethylacetodinaphthol with 
fuming hydriodic acid. Reaction between these two substances only 
takes place at a high temperature, 180°. Many tubes were shattered 
by the pressure produced at the temperature at which it was neces- 
sary to work. Ultimately, however, a small quantity of a hydro- 
carbon was obtained which boiled at 210—215°. Its smell, when cold, 
resembled that of liquid petroleum hydrocarbons, but on warming, it 
had a distinct odour of peppermint. 


0'1193 gram of substance gave 0°3815 CO, and 0°1292 H,0, 
ei ‘a 0°4283 on 01468 ,, 
Found. 


Calculated for c-_F 
Cj. Hop. I. II. 


87°80 87°21 87°49 
12°19 12°03 12-21 


The substance therefore is probably an octohydrodimethylnaph. 
thalene, 


CH, CH, 
ym Fy" 
CHyCH C CH:CH; 


CH, C H, 
\Z NZ 
CH, CH, 


XXIV.—Connection between the Atomic Weiyht of contained Metals and 
the Magnitude of the Angles of Urystals of Isomorphous Series. A 
Study of the Potassium, Rubidium, and Cesium Salts of the Mono- 
clinic Series of Double Sulphates RzaM(SO,).,6H,0. 


By Aurrep E. Turron, Assoc. R.C.S., Desndnateater in Chemistry at 
the Royal College of Science, South Kensington. 


Tue direction in which pure crystallographical research appears 
likely to afford results of the greatest interest and signiticance is that 
in which comparable measurements are made upon crystals of sub- 
stances chemically related to each other in a definitely ascertained, 
manuer. The information on this question ‘at, present available, 
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particularly with regard to the goniometrical effect produced by the 
replacement of one metal in an isomorphous series of salts by 
another, is of a most meagre and insufficient character. The absence 
of conclusive data is, however, largely accounted for by the fact that, 
especially in the cases of substances crystallising in the higher 
systems of symmetry, the values of analogeus angles upon the 
crystals of the various members of the series are so nearly identical 
that the differences frequently fall within the limits of the few 
minutes usually assigned to experimental and formational error. 

.. The object of this investigation has been to examine in-great detail 
some well defined but hitherto unattacked series of isomorphous 
salts crystallising in one of the systems of lesser symmetry, with the 
view of ascertaining whether the replacement of one metal by another 
of the same family group but of higher atomic weight was attended 
by a change in the values of the angles of sufficient magnitude to be 
far removed from the narrow limits of experimental and formational 
error. The attention of the author was at once attracted to the well 
known series of double sulphates crystallising in the monoclinic 
system with 6 mols. of water of which the salt K,Mg(SO,).,6H,0 
tiay be considered as the first member. Measurements, not, how- 
ever, sufficiently numerous and detailed for the purposes of this in- 
vestigation, have been made of the potassium and ammonium salts of 
this series by several crystallographers, notably Brooke, Rammels- 
berg, and most recently Murmann and Rotter (Sitz. Ber. der Kais. 
Akad. Wiss., 34, 135). The salts containing rubidium and cesium, 
however, first prepared by Bunsen, which are of course more directly 
comparable with those containing potassium than are the salts of 
ammonium, have never yet been subjected to measurement so far as 
the author has been able to ascertain. It was, therefore, determined 
to prepare crystals, as suitable and perfect as possible, of all the salts 
of the series containing potassium, rubidium, and cesium, and to sub- 
ject them toa goniometrical investigation as complete as their develop- 
ment would permit. The remeasurement of the potassium salts was 
resolved upon, firstly, because the previous measurements were not 
made with sufficient completeness, and, secondly, in order that the 
results might be more strictly comparable with those obtained in the 
eases of the rubidium and cesium salts, 

When a comparison is made of the angular values given by previous 
observers of the potassium salts of this series containing magnesium, 
zinc, iron, nickel, cobalt, and copper, no regular differences are ob- 
served. In a large majority of cases the differences are very small, and 
where larger show no relationship to the atomic weights of the dyad 
(er acting dyad) metals contained. Moreover, in the case of one and 
the same salt, the differences in the values of. the angles given by 
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different observers are frequently of considerable magnitude, occa- 
sionally exceeding half a degree. These discrepancies in the pub- 
lished angles are probably partly due to the fact that an insufficient 
number of measurements upon different crystals belonging to distinct 
crops were made ; for it frequently happens that apparently equally 
perfect crystals of the same substance, of equal purity, but of different 
crops and consequently deposited under different conditions, exhibit 
angular differences amounting to several minutes of arc. Hence 
measurements made upon one or two crystals, however apparently 
perfect, are not likely to furnish results so near the true angles 
which the substance would: produce if all cause of disturbance could 
be avoided. In the present work, therefore, at least 10 crystals of 
each salt, selected—on account of their special perfection and snita- 
bility as regards size—from as many crops as possible, have been 
measured, in order that these differences might be eliminated by 
taking the mean of all the observed values of the same angles. 
Moreover, such beautifully perfect crystals of most of the. salts have 
been obtained by working under the most favourable conditions for 
slow undisturbed deposition, that these differences in the values of 
the angles of one and the same salt have usually been far smaller 
than those obtained on comparing the work of previous observers. 
It will be shown hereafter that on inspection of the values now 
given, values of which the error in most cases cannot exceed four or 
tive minutes of arc, the differences between the six potassium salts 
containing the dyad metals above enumerated are observed to be so 
small that no relations between their magnitude ani the atomic 
weights of the respective metals can be deduced from them. In fact, 
in those cases where the dyad metals belong to the same family 
group, the values are practically identical. It would appear, therefore, 
that in the isomorphous series under investigation, the replacement 
of one dyad (or acting dyad) metal by another of the same family. 
group is unattended by any material change of angle. 

The case, however, will be shown to be very different when the 
alkali metal potassium is replaced by rubidium and the rubidium in 
turn by cesium. It will be amply demonstrated in the course of this 
communication that in each case the change is accompanied by an 
alteration in the principal angle, the axial angle 8, of more than a 
whole degree ; and what is more important still trom a chemical point 
of view, the amount of the change bears a definite and very simple 
relationship to the change in atomic weight. 

It will be further shown, with respect to all the numerous angles 
which have been measured, that the differences between their 
magnitudes in the corresponding potassium, rubidium, and cesium 
salts respectively, where those differences are, as is nearly always the 
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case, greater than such as might be attributed to experimental and 
formational error, also bear a direct relationship to the change in 
atomic weight, although such relationship is not usually of so simple 
a character as that which obtains in the case of the axial angle. 

Other interesting relationships will also be pointed out, particularly 
one connecting the habitual geometrical form, the so-called “ habit,” 
of the crystals of the various salts with the atomic weight of the 
alkali metal present. 


Method of Work. 


For the purposes of this investigation, the double sulphates were pre- 
pared in every case by mixing solutions of the two simple sulphates, 
containing those salts in equal molecular proportions. The weighings 
were made with considerable care in order that there should be no 
appreciable excess of either of the simple sulphates present after 
admixture. The simple sulphates employed were of the highest 
obtainable degree of purity. The sulphates of rubidium and cesium 
were prepared with particular care by Tromsdorff, and on spectro- 
scopic examination were found to be remarkably free from impurity. 


The following numbers were obtained from determinations of their: 


content of sulphuric acid :— 


1°6837 gram of rubidium sulphate yielded 1°4815 gram of barium 
sulphate, corresponding to 30°20 per cent. of SOQ;. The calcn- 
lated amount of SO; contained in Rb,SO, is 30°03 per cent. 

11905 gram of cesium sulphate yielded 0°7780 gram of barium 
sulphate, corresponding to 22°43 per cent. of SO;. The calculated 
amount of SO, contained in Cs,SQ, is 22°14 per cent. 


A similar determination of sulphuric acid in the potassium sulphate 
employed gave the following numbers :— 


0°6285 gram of sulphate yielded 0°8404 gram of barium sulphate, 
corresponding to 45°90 per cent. of SO;. The calculated per- 
centage of SO, in K,SO, is 45°97. 


Usually solutions containing 20—30 grams of each double salt 
were prepared, and portions poured into several crystallising vessels, 
perfectly cleansed small glass beakers being found most suitable, in 
order to obtain several distinct crops: The method of slow crystal- 
lisation from cold solutions was usually adopted, as affording erystals 
of more regular growth and more even faces. The crops were re- 
moved from time to time as soon as the crystals had attained the 
small size suitable for the goniometer, the mother liquors being 


sa afr o's Qa 0 0O >! wm 
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usually decanted into fresh clean vessels and again allowed to 
crystallise. Each crop was stored separately in a small dry bottle 
until the conclusion of the work. ' 

When a dozen or more such crops had been accumulated, 10 
specially well formed and perfectly developed crystals were selected. 
for measurement from several of the best of the crops. These 
crystals were then measured completely, except in a few cases where, 
certain zones exhibited traces of distortion; these zones were. 
discarded and additional crystals were selected and measured.. 
Hence in the case of each salt 10 particularly good crystals have 
been completely measured, not only along the principal, but also 
along all the minor, zones, and in certain cases one or two ad- 
ditional crystals have been partially measured. As most of the 
principal angles are repeated four times on each fully developed 
crystal, in accordance with the symmetry of the monoclinic system,, 
as many as 40, and sometimes more, determinations of the values of. 
each of these principal angles have been obtained. The arithmetical 
mean of all the values of each angle has then been taken and recorded 
as the mean observed angle. By this exhaustive method of work it 
is probable that most of the slight deviations from the angles of the 
true geometrical forms of the salts, due to the influence of the sur- 
face of the crystallising vessel, to slight disturbance of the parallel- 
ism of layers during deposition, to minute traces possibly of included: 
matter, and other disturbing causes to which the minute deviations 
of a few minutes of arc are to be attributed, termed in this com- 
munication “ formativnal error,’ together with the still smaller in- 
strumental errors of measurement, have been eliminated. The 
goniometer employed was one of the large horizontal Fuess instru- 
ments, whose accuracy has been thoroughly tested in previous work 
by the author and whose circle graduations, which read to 30 seconds, 
are certainly trustworthy to 1 minute of arc. Moreover, the measure~ 
ments were almost entirely made, during the quiet of the evenings, 
and very bright images of the signal, a “‘ Websky ” slit, were ob- 
tained by employing as the souncé of illumination the improved 
mantles supplied by the Welsbach Incandescent Light Company. 
Farther, all readings of the circle wére taken twice. 

The mean observed valnes.of the three most reliably measured 
angles, either on account of the large number of measurements which 
had been made of them, or the closer agreement of the individual 
values, were then employed in accordance with the requirements of 
the monoclinic system as basal angles, from which by the processes 
of spherical trigonometry all the remaining angles were calculated so 
as to afford a confirmation of the accuracy of the mean observed 
values of those angles. The close agreement. between the calculated 
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and mean observed angles amply repays the labour involved in 
making so large a number of measurements, about 9500 in all. 

After the potassium, rubidium, and cesium salts containing the 
same dyad metal have been thus fully treated, a comparison of their 
angles is made in a table following, so that the effect of the change 
from potassium to rubidium and from rubidium to cesium may be 
observed at a glance. A summary will be found at the close of the 
memoir in which the relationships, so graphically exhibited by one 
and all of these tables of comparison, are set forth as concisely as 
possible, 

In order that no doubt should possibly arise as to the composition 
of the crystals under measurement, analyses have been made of some 
of the crystals of each salt belonging to one of the crops from 
which specimens have been measured, estimations having been carried 
out of the amount of one of the metals and of the sulphuric acid which 


they contained. 


The Salts of the Series R.M(SO,)2,6H,O investigated. 


‘ The sulphates of rubidium and cesium very readily unite with the 
sulphates of magnesium and zinc, ferrous and manganous sulphates, 
and the sulphates of nickel, cobalt, copper, and cadmium, respectively, 
to form double sulphates crystallising with 6 mols. of water. The 
ewsium salts are particularly fine, frequently forming crystals whose 
size is only limited by the bulk of the solution and the walls of the 
erystallising vessel. The whole of the 16 salts have been measured 
in the manner just described. 

Potassium, however, does not appear to form salts of this series 
with quite the same readiness as rubidiam and cesium. Excellent 
crystals of the potassium salts containing, as the second metal repre- 
sented by M in the general formula, magnesium, zinc, iron, and 
nickel have been obtained; but considerable difficulty, eventually 
overcome however, has been experienced in procuring crystals of 
the degree of perfection desired of the salts containing cobalt and 
copper, and up to the present time, although repeated efforts have 
been made, under most varied conditions, all attempts to obtain 
crystals of the potassium salts of the series containirg as the second 
metal manganese and cadmium have been unsuccessful. Murmann 
and Rotter (Joc. cit.), and likewise Scacchi and Marignac (Jahresb., 
1856, 381), were also unable to prepare the double sulphate of potas- 
sium and manganese containing 6 mols. H,0; instead of this salt 
crystals of a salt containing only 4 mols. H,O, and, consequently, 
erystallising quite differently, were obtained. The crystals of potas- 
siuuw manganous sulphate invariably obtained during the course 
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this work agreed with Marignac’s description of the latter salt. 
Similarly, in the case of cadmium, other workers have been unsuccess- 
fal in obtaining the salt K,Cd(SO,),,6H,O. Von Hauer (Wien. Akad. 
Ber., 1885, 15, 42) appears to have obtained, along with crystals of 
two other salts, K,Cd(SO,).,2H,0 and 2K,SO,,CdSO,,3H,0, a few 
crystals of a salt containing 6 mols. H,O, but which effloresced almost 
immediately after removal from the mother liquor. Up to the present 
time the author has been unable te obtain such crystals, but has: 
always obtained instead crystals corresponding with the descriptions: 
given by Von Hauer (loc. cit., and Ann. Phys. Chem., 133, 176) of 
the two other salts just named. 

Altogether, 22 salts of the series have been investigated in the 
manner described under the last heading, namely, the potassium, 
rubidium, and cesium salts, containing as the second metal magnesium, 
zinc, iron, nickel, cobalt, and copper respectively (18 salts, six sets 
of three each), and the rubidium and cesium salts containing, as 
the second metal, manganese and cadmium respectively (four salts, 
two sets of two each). 


General Crystallographic Form of the Series R,M(SO,)2,6H,0. 


The general crystallographic form of the series is represented in 
the spherical projection given in Fig. 1. Inasmuch as the differences 


27) a0 


between the angles of the various members of the series would be 

scarcely perceptible in « spherical projection on the scale given, the 

extreme limits of the differences between the angles of the salts 

fering most widely being only two and a half degrees, the same 
282 
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spherical projection suffices for all, and is given now for general 
reference. 

The drawing was actually made from the measurements of one of 
the rubidium salts, for a reason which will be apparent when the 
results of the investigation are discussed. 

The plane of projection is the symmetry plane b{010}. 

The forms s{101} and s'{101}, the two complementary primary 
orthodomes, have never been found developed upon any of the crystals 
examined, but they are marked upon the spherical projection because 
it was considered interesting to calculate the angles formed by these 
possible faces with neighbouring faces for the purposes of the tables of 
comparison, and also because certain of these calculated angles in- 
volving the poles s and s' afford data for independently calculating, and 
thus checking, the axial ratios. With the exception of these two 
forms, s and s’, all the forms given in the spherical projection have 
been found actually developed, although never upon any one single 
crystal. The crystals of several of the salts, however, frequently 
exhibit a large number of these forms, and individual crystals have 
been measured upon which all but one or two of the forms of higher 


indices were developed. 


Salts containing Magnesium. 
Potassium Magnesium Sulphate, K.Mg(SO,).,6H,0. 


Eleven of the most perfect crystals of this well-known salt were 
selected from two distinct particularly suitable crops, and measured 
as completely as their development would permit. Their size varied 
frcm prisms of about 1 mm. side and 4 mm. depth to prisms ofa 
little more than twice this size. The crystals were perfectly colour- 
less and transparent, and their faces plane and very brilliant, yielding 
generally magnificent images of the signal. They were particularly 
free from striation and distortion. 

Analyses of other crystals belonging to one of these crops yielded 
the following numbers, indicative of the purity of the crop :— 


Estimation of SO;: 0°6893 gram of crystals gave 0°8040 gram of 
BaSOQ,, corresponding to 40°04 per cent. SOQ;. The calculated 
percentage of SO; in K,.Mg(SO,)2,6H,0 is 39°80. 

Estimation of MgO: 0-9170 gram of crystals gave 0°2550 gram of 
magnesium pyrophosphate, corresponding to 10-v2 per cent. of 
MgO. Calculated percentage 9°95. 


Habit: short prismatic. 
Axial angle: 8 = 75° 12’. 
Ratio of axes: a:b: ¢ = 0°7413: 1 : 0°4993. 
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Forms observed: a = -{100}coPco; b = {010}coRo0; c= {001 }oP; 
p = {110}coP; p’ = {120}coP2; g = {011}Roo; o' = {111} +P; 
r’ = {201}+2BPoo. 


The habit usually assumed by the crystals of potassium magnesium 
sulphate which have been obtained during the course of this work 
is that shown in Fig. 2, consisting essentially of a short prism formed 
by the faces of the primary prism p{110}, and terminated by the 
basal plane c{001}. The edges of the prism are usually modified by 
the faces of the orthopinacoid a{100} and the clinopinacoid {010}. 
The comparatively large development of the orthopinacoid may,. 
indeed, be regarded as a characteristic trait of the salt,.for with the 
exception of the potassium iron salt, no other salt of the series has 
been found to exhibit this form to anything like so large an extent.. 
The basal plane c{001}, as has been found to be the case in all the 
potassium salts of the series, is the largely predominating: end face, 


the orthodome r'{201} and the clinodome g{011} being usually 
developed only to the extent indicated in the figure. The reflections 
yielded by all these faces upon the crystals measured were generally 
excellent. The faces of the hemipyramid o’{111} were, as a rule, 
more or less developed, but the reflections yielded by them were 
rarely so perfect as those afforded by the forms just enumerated. The 
presence of the prismatic form p’{120} was only observed twice, but 
the reflections of the signal then obtained were perfectly trustworthy. 

The following table (p. 346) exhibits the results of the measure- 
ments. In the second column is given the number of measurements 
made of each angle. This number represents the number of times the 
same angle has been met with, formed, of course, by different faces, in 
the whole of the 11 crystals subjected to measurement. As this 
occurred in the case of a few of the principal angles four times upon 
each perfectly developed crystal, in accordance with the symmetry of 
the monoclinic system, the maximum number of times the same angle 
could be observed was 44. In the third column, headed “limits,” 
are given the highest and lowest values of the same angle which 
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were observed, and in the fourth column the arithmetical mean of 
all the values of that angle obtained. In the fifth column are given 
the calculated values of all the angles except the three marked by an 
asterisk, in which cases the mean observed angles were employed, as 
described under “ Method of Work,” being specially trustworthy, as the 
necessary basal angles in making the calculations. In the sixth 


No. of Mean 
Angle measured. measure- Limits. eheneeed. Calculated. Diff. 
ments. 

: 101 _ —_ _ 46 (8 
: 001 _ _ _ 29 4 
: COL 18 75° O— 75° 23’ 75° 13’ 75 12 
: TOL _ : _ 38 12 
: 201 _ _ 25 5 
: 201 43 O0— 63 37 63 20 17 
: Ivo 10 48 41 29 31 


: 110 26 54 35 38 
: 120 31 

: 010 

: O10 

: 110 

: [10 


: O11 
:010 
: O11 


:111 
: O11 
: O11 
: Til 
: 100 


: 111 
:110 
:110 
:11I 
: OOI 


:1ll 
: 101 


: Til 
: Iol 
: Til 


: O11 
: 110 
: IoI 


: O11 
:110 
: 101 


: 111 34 44 
: 110 92 40— 92 55 92 48 
: 201 52 18— 52 40 52 30 


Total number of measurements, 350, 
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column are given the differences between the mean observed and the 
calculated values, in order to afford some idea of the general trust- 
worthiness of the measurements. 

The angles given are, as is now customary, the goniometrical ones, 
that is, those actually represented in the spherical projection given in 
Fig. 1. They are the angles between the normals to the faces, and 
are consequently supplementary to the obtuse internal dihedral angles 
between the faces themselves. 

The values of the few angles of this salt given by Rammelsberg, 
Brooke, and Murmann and Rotter (Joc. cit.) fall within the limits of 
the above observations. But, inasmuch as only a very small number 
of measurements appear to have been made, they cannot be regarded 
as at all comparable with the mean values given in the above table. 
The value of the axial angle 8 given by Murmann and Rotter is 
75° 5. 


Rubidium Magnesium Sulphate, Rb,.Mg(SO,)2,6H,0. 


Very brilliant crystals of rubidium magnesium sulphate, fre- 
quently of large size, are readily obtained on evaporating a solution 
containing equal molecular proportions of rubidium and magnesium 
sulphates. Several excellent crops were obtained, and 10 crystals 
were selected from the two best. These 10 crystals were admirably 


suitable for goniometrical purposes, yielding almost throughout well 
defined and very bright single images of the signal. They varied in 
size within about the same limits as those of the potassium salt. 


Determinations of sulphuric acid and magnesia in other crystals 
belonging to one of the two crops from which crystals were measured 
gave the following indications of purity :— 


0°4562 gram of crystals yielded 0°4320 gram of BaSQ,, correspond- 
ing to 32°51 per cent. SO;. The calculated percentage of SO, ia 
the salt is 32°36. 

12105 gram of crystals yielded 0°2765 gram of Mg.P,0;, corre- 
sponding to 8°23 per cent. of MgO. The calculated percentage 
of MgO in the salt is 8°09. 
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Habit: slightly tabular. 

Axial angle: 8 = 74° 1’. 

Ratio of axes: a: b: c = 0°7400: 1 : 0°4975. 

Forms observed: b = {010}ooRceo; c= {001}oP; p= {110}coP; 
g= {01]1}Roo; o={1ll}—P; oo = {111}+P; r= 
{201} +2Poo. 


No. of = Mean 
_ Angle measured. measure- Limits. chemend, Calculated. Diff. 


ments. 

45° 25’ 
28 36 
74 #1 
88 25 
25 37 
64 2 
41 57 


85 26 
19 28 
35 «6 
54 34 
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34 51— 35 9 35 0 
92 14— 92 33 92 22 
52 33— 52 48 52 40 


Total number of measurements, 461. 
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The disposition of the faces of the comparatively simple crystals 
of rubidium magnesium sulphate is more or less characteristic of the 
whole of the eight salts of the series which contain rubidium. A 
typical crystal is represented in Fig. 3. The habit is distinctly more 
tabular than in the case of the crystals of potassium magnesium 
sulphate, although the prism faces p{119} are still very largely 
developed. The basal plane c{001} is not, however, so largely the 
predominant end face as in the latter salt, the faces of the clinodome 
q{011} now assuming greater importance, and tending to point the 
terminations of the axis b, and, consequently, to diminish the height 
of the clinopinacoid b{01U}. The orthodome +r'{201} only attains x 
second-rate development, as indicated in the figure, but the faces of 
the hemipyramid o'{111} attain larger dimensions in the crystals of 
this salt than in those of the analogous potassium salt. Moreover, in 
addition, the faces of the primary hemipyramid o{111} were occasion- 
ally observed, although on only four occasions were sufficiently trust- 
worthy reflections obtained. With the exception of this last form, 
irreproachable single images of the signal were usually afforded by 
the whole of the faces of the ten crystals measured. _ 

The results of the measurements are exhibited in the table (p. 348). 

The excellent nature of the faces of the crystals of this salt is 
evident from the close agreement of the observed and the calculated 
angles, and from the closeness of the limits between which the ob- 
served values fell. It will be at once noticed, on comparing these 
values with those of the potassium salt just described, that the differ- 
ences between them are real, for in few cases do even the limiting 
values, which generally represent measurements between faces of a 
somewhat less degree of perfection than usual, approach each other ; 
‘and in those cases where the differences are greatest, these limiting 
values in the two salts are far removed from each other. 


Cesium Magnesium Sulphate, Cs,Mg(SO,)2,6H,0. 


Cesium magnesium sulphate crystallises well in clear, transparent, 
and very brilliant crystals, which frequently attain large dimensions. 
Eleven of the most perfect individuals. were selected from three 
different crops. Ten of these were measured completely; the. re- 
maining one only afforded two zones of the same high standard of 
perfection, hence the other zones of this crystal were discarded. 

Analyses of specimens from one of these crops yielded the following 
results :— 


0:4583 gram of crystals gave 0°3660 gram of BaSO,, corresponding 


to 27°42 per cent. of SO;. The calculated percentage of SOs is 
27°12. 
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0°6448 gram of crystals gave 0°1240 gram of Mg,P,0,, correspond- 
ing to 693 per ceut. of MgO. The calculated percentage of 


MgO is 6°78. 


Habit: prismatic. 

Axial angle: 8 = 72° 54’. 

Ratio of axes: a:b: c = 0°7279: 1 : 04946. 

Forms observed: b = {010}coRco; ¢ = {001}oP; p = {110}coP; 
q ={O11}Roo; o = {111} +P; r’ = {201}+2Poo. 


The crystals of cesium magnesium sulphate differ considerably in 
appearance and habit from those of the potassium and rubidium 
salts. The prism p{110} and the basal plane c{001} are no longer 
the predominating planes. The basal plane is reduced to a mere strip, 
as shown in Fig. 4, and is not unfrequently absent altogether. The 
clinodome q{011} is now the principal form, and is usually so largely 

+ developed that the crystals assume the form of long prisms, whose 
principal faces are those of g, as represented in Fig. 4. The acute 


angle of the prism is modified as a rule by the clinopinacoid 6{010}, 
while the terminetions of the prism are formed by the faces of the 
prism p{110} and hemipyramid o'{i11} more or less equally de- 
veloped. The solid angle formed by the intersection of the two 
latter forms is generally truncated by the orthodome r’{201}. It not 
unfrequently happens, however, that the latter form is absent. 

It is certainly of interest that the habitual geometrical form of the 
rubidium salt should be so markedly intermediate in character, as it 
has now been shown to be, between that of the potassium salt and 
that of the cesium salt just described, and it will be hereafter seen 
that the same relationship obtains throughout the whole series. 

The results of the measurements are set forth in the following 
table (p. 351). 

The degree of agreement between the observed and calculated 
values is again satisfactory, and the same remarks apply to the differ- 
ences between the rubidium and cesium salts as were made with 
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respect to those between the potassium and rubidium salts, There 
can be no doubt, from the nature of the limiting values, that the dif- 
ferences between the mean observed values of the salts are real differ- 
ences which are within a very few minutes, probably not exceeding 
three or four, in the large majority of the angles, of the truth. 


No, of 
Angle observed. measure- Limits, dah 
ments. 


Calculated. 


44° 28’ 
28 
72 


Perri dy 
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110 : 110 
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35 34 35 19 
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Total number of measurements, 526, 
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It will now be interesting to compare the angles of the potassium, 
rabidium, and cesium salts containing magnesium as the dyad metal 
with each other. 


Comparison of the Angles of the three Salts containing Magnesium. 


Potassium , Rubidium ‘ Cesium 
Diff. salt. Diff. oa 

—71’ — 67’ 72° 54’ 

—43 —i7 44 28 

— — 28 26 

+45 +68 65 10 

39 «3 

26 7 

41 56 


34 50 
19 28 
85 42 
55 10 


25 17 
64 43 


47 
27 
74 
35 


70 


33 
42 
76 
58 
45 


70 
19 


65 21 
24 39 


37 20 
88 32 
54. 8 


45 24 
—47 62 28 
+43 72. 8 


{% : +25 35 18 


Angle. 


Huu 


— 92 20 
+11 —20 52 22 


Inasmuch as the mean observed and calculated angles lie so close 
to each other, it is of little moment which are employed in making 
the comparison. The calculated values are employed in the above 
and all subsequent tables of comparison, as it is likely that these, 
being derived from the three best measured angles, are nearer the 


AND ANGLES OF CRYSTALS OF ISOMORPHOUS SERIES. 353 


truth in a few cases, where the angles are those formed by faces 
usually of a lower degree of excellence. 

The angles printed in bolder type are the primary determin- 
ative angles of each zone, the remaining angles of the same zones 
following necessarily from them. The differences between these 
primary angles are given, expressed in minutes, the sign being positive 
when an increase of the angle occurs, and negative when a decrease 
is observed. 

The most important of all the angles of crystals belonging to the 
monoclinic system of symmetry is usually considered to be that which 
determines the inclination of the one inclined axis a to the vertical 
axis c. This angle is conveniently termed the axial angle, and is re- 
presented by the symbol £, the angles a and y between the vertical axis 
c and the rectangular axis b, and between the inclined axis a and the 
rectangular axis b, being right angles in the monoclinic system. 

Upon comparing the values of this fundamental angle 8 given in 
the above table for the salts containing potassium, rubidium, and 
cesium respectively, the following facts are observed :— 

The difference between the values of f in the salts containing 
potassium and rubidium is 1° 11’, or 71'; that between the values of 
8 in the rubidium and cesium salts is 1° 7’, or 67’. These differences 
are approximately equal, for the 4’ discrepancy falls within the limits 
of possible error in the determinations. Hence it may be stated 
that :— 

1. The value of the arial angle B in the rubidium salt is approxi- 
mately midway between the values of the axial angles of sn potussium 
and cesium salts. 

The difference between the atomic weights of potassium (39) and- 
rubidium (85) is 46; that between rubidium and cesium (133) is 
48 ; that is, the differences of the atomic weights are approximately 
equal. Hence, if the change in the inclination of the inclined to the 
vertical axis is directly proportional to the change in atomic weight, 
the amount of change brought about by substituting rubidium for 
potassium should be approximately equal to that produced by sub- 
stituting cewsium for rubidium; or, in other words, the value of 8 
exhibited by the rubidium salt should be approximately half way 
between the values of 8 in the potassium and cesium salts respectively, 
As this has been shown to be the case, it may be further stated 
that :— 

2. The relative amounts of change brought about in the axial angle by 
replacing the alkali metal potassium by rubidium, and the rubidium in 
turn by cesium, are approximately directly propurtional to the relative 
differences in the atomic weights of the metals interchanged. 

It is likewise worthy of note that, as the angles given in the table 
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are, in accordance with convenient usage, the goniometrical angles 
between the normals to the faces of the crystals, the real angle 
between the vertical and inclined axes, which is directly in front of 
one in contemplating the crystals as given in the drawings, is the 
obtuse angle supplementary to the angle f given in the table. The 
real values of the axial angle in the potassium, rubidium, and cesium 
salts will therefore be 104° 48’, 105° 59’, and 107° 6' respectively. 
That is :— 

3. The axial angle increases with the increase in the atomic weight of 
the alkali metal. 

As the axial angle is that included between the traces of the 
‘basal plane ¢(001) and orthopinacoid a(100) upon the plane of 
symmetry b(010), the outward evidence of the operation of the above 
rale is the increase in the tilt of the basal plane towards the ortho- 
pinacoid as the metal of greater atomic weight is introduced. 

Turning our attention now to the remaining angles, all of which 
are compared in the table, it will be further noticed that out of the 
36 angles compared, 31 of the angles of the rubidium salt lie 
between the values of the corresponding angles of the potassinm 
and cesium salts. The remaining five are cases where, owing to 
the change in adjacent angles of the same or neighbouring zones 
being of opposite sign, more or less neutrality is produced. The 
first case, r'a, is owing to the changes in the supplementary angles 
of the same zone [acr’] being of opposite signs. The next two cases, 
bo' and o's’, lie upon a zone of practical neutrality, and the differences 
are so small that they may be left out of consideration, being about 
the limits of possible error. The last two cases, o'p and pr’, belong 
to a secondary cross zone [ po'r’], where the angles are the resultants 
of the changes of varying sign in the values of the surrounding 
primary angles; it will be shown later, in other salts of the series, 
that sometimes the angles of this zone follow the rule, and sometimes 
not, and very frequently the values are so near together that the 
differences are within, or approach, the limits of error. 

Of the 22 determinative angles printed in bolder type, 20 follow 
the rule; in one of the two exceptions, bo’, the differences are too 
small to be certain about, and the other exception, pr’, belongs to the 
secondary zone just referred to. It may therefore be stated that :— 

4. The values of all the angles of the rubidium salt lie between the 
corresponding values of the potassium and cesiwm salts, except in very 
rare cases, where more or less neutrality is produced owing to the changes 
in adjacent angles being of opposite sign. 

The rule of direct proportionality which applies in the case of the 
axial angle 8 dozs not apply in the cases of most of the other primary 
angles. Indeed, it is an interesting fact, which may, perhaps, be of use 
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hereafter in studying the influence of atomic weight in modifying the 
molecular forces which give rise to the geometrical conformations of 
crystallised substances, that the maximum deviation from direct pro- 
portionality is observed in the prism zone [apb] at right angles to 
that [acr’] containing the axial angle (that is, containing the basal 
plane and orthopinacoid, and conveniently termed the “ primitive” 
zone, because forming the primitive circle of the spherical projection). 
In this case, three times the change in the value of the angle ap, 
between the orthopinacoid and the primary prism faces, is observed 
on replacing rubidium by the heavy cesium atom, as compared with 
that produced on replacing the light potassium by rubidium, the 
differences being. 12’ and 36’ respectively. The differences in the 
zones adjacent to the primitive zone and furthest removed from the 
prism zone approach more nearly to the rule of direct proportion- 
ality. Thus the differences between the three values of cp, lying in 
the zone [cop] next adfacent, and very near to the primitive zone, 
are actually in direct simple proportion, being 59’ and 60’ respec- 
tively. The differences in the case of aq upon another zone [aoq] 
very near the primitive zone are 65’ and 62’ respectively. In the 
case of cg, nearly equally removed from both the primitive and prism 
zones, the differences are 13’ and 18’, 

Hence it may be stated that :— 

5. The relative amounts of change in the angles other than the axial 
angle are rarely in direct simple proportion to the changes in atomic 
weight. The maximum deviation from direct proportionality occurs in 
the prism zone at right angles to the zone containing the basal plane and 
orthopinacoid, and the relative amounts of change here bear the ratio of 
one to three. 

One further fact must be noted concerning the angular differences. 

6. The magnitude of the differences between most of the angular values 
of the three salts is surprisingly large, exceeding a whole degreen the cases 
of several important angles, and indicates a preponderating influence on 
the part of the alkali metals in determining the geometrical form of these 
double salts. ° 

It will be interesting, in conclusion, to compare the axial ratios of 
the three salts. They are as follows :— 


Potassium magnesium sulphate a:b:¢ = 07413: 1: 04993 
Rubidium - “ a:b:c¢ = 07400: 1: 04975 
Cesium 0 - a:b:c¢ = 0°7279: 1: 0°4946 


It is at once apparent that, although the ratios of the rubidium salt 
stand between those of the potassium and cesium salts, the changes 
are only of a slight character. The cause of this is not far to seek, 
and the author has long been of. opinion that, for the reasons now 
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given, differences in the axial ratios of crystals belonging to the systems 
of lesser symmetry afford by no means such valuable indications of the 
effect of change of composition, especially in isomorphous series, as do 
the angles themselves. Consider, for instance, the ratio of the length 
of the axis a to that of b. This ratio is most conveniently calculated 
from the formula a/b = tan 0, where cos @ = cot ep tan ac. 

Now the two angles cp and ac, which are employed in calculating 0, 
both diminish on the passage from the potassium to the cesium salt. 
But the cotangent increases with diminution of the angle, while the 
tangent diminishes; hence the increase of the one is more or less 
neutralised by the diminution of the other, and so the value of 0, and 
consequently of a/b, is not very materially changed. This will per- 


haps be more readily understood by a reference to the crystal itself. 


The plane which determines the relative lengths of the axes a and 
b is the face of the prism p{110}. On the passage from the potas- 
sium to the cesium salt, the internal inclination of this plane to the 
clinopinacoid b{ 010}, and hence to the axis a, diminishes, causing the 
length of that axis to become less in proportion to that of b; that is 
to say, the ratio a/b diminishes. But at the same time the internal 
inclination of the basal plane. to the orthopinacoid, and therefore that 


of the axis a (the inclined axis) to the vertical axis ¢, is increasing ;: 


this movement of the axis a causes the length of that axis inter- 
cepted by the plane p to increase, and as the symmetry axis } remains 
fixed at 90°, the effect is to cause an increase in the ratio a/b. It is 
only the difference, therefore, of these two opposing influences which 
is effectual in altering the axial ratios. A similar explanation holds 
in the case of the ratio c/b,.. Hence :— 

7. No indication of the full nature of the change brought about on, 
replacing one metal by another in this isomorphous series is afforded by a 
comparison of the axial ratios, as simul/aneous changes, which more or 
less neutralise each other, occur in the inclinations of the planes which 
determine them. The angles themselves alone furnish complete informa- 
tion concerning the change of external form. 

Salts containing Zine. 
Potassium Zine Sulphate, K,Zn(SO,)2,6H,0. 


Twelve crystals of this beautiful salt, selected from five different 
crops, were measured. Ten of these weré excellent in all respects, antl 
were measured as completely as their development would permit. Of 
the remaining two, only certain well-formed zones were measured ; 
the other zones were less perfect, and were consequently discarded. 

Analyses of a quantity of the crystals belonging to one of these 
crops yielded the following results :— 
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0°7868 gram of crystals yielded 0°8215 gram BaSO,, corresponding 
to 35°85 per cent. of SO;. Calculated percentage of SOs, 36°12. 

0°7593 gram of crystals gave 0'1400 gram ZnO, corresponding to 
18°44 per cent. of ZnO. Calculated percentage of ZnO, 18°28. 


Habit: short prismatic. 

Axial angle: 8 = 75° 12’. 

Ratio of axes: a:b: ¢ = 0°7413: 1: 0°5044. 

Forms observed: h = {010}coRco; ¢c = {00L}oP; p = {110}coP; 
p’ = {120}ooR2; g = {01]}Poo; o' = {I11}+P; rr = 
{201} + 2Poo. 


In many of the crops of potassium zinc sulphate obtained, the 
crystals were remarkably simple, consisting, as shown in Fig. 5, of 
only a few forms. They usually assumed the form of stout, colour- 
less, transparent prisms formed by the faces of the primary prism 
p{110} and the basal plane c{001}, and slightly modified, as in the 
crystals of potassium, magnesium sulphate, by the faces of the clino- 
dome g{011}. The reflections yielded by all these brilliant faces 
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were irreproachable. The clinopinacoid b{010} was usually present, 
but narrow, and frequently a mere line; the reflections from this 
form, when visible, were, however, uniformly good. 

In other crops more forms were present, as represented in Fig. 6, 
but the habit was very similar. In many crystals of these crops, 
however, the prismatic form p’{120} assumed considerable import- 
ance, sometimes equalling in development the faces of the primary 
prism itself. The images of the signal yielded by the faces of this 
second prism form were, moreover, particularly clear and definite. 
The orthodome r’{201} was generally small, but brilliant. The hemi- 
pyramid o'{111} was only occasionally developed, and still more 
rarely were the images yielded by it good. 

In the following table are given the results of the measurements :— 

VOL. LXIII, 2c 
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No. of 
Angle measured, measure- Limits. 
ments. 


PSP Pte 


| 
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ZEINE 


iba 
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4 
4. 


63 63 49 63 
_- 70 


3 34 438— 34 56 34 48 34 
3 92 44— 93 4 92 57 93 
21 52 1l1— 52 22 52. 15 52 


Total number of measurements, 360. 


A few previous measurements of crystals of this salt have been 
made by Rammelsberg and Teschemacher. The axial ratios given 
by the former observer in his Krystallographisch-physikalischen 
Chemie, are a:b: c = 0°7446: 1: 0°5098. About half of the values 
of the very small number of angles measured fall within the limits 
above given; the others are just outside. 
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Rubidium Zine Sulphate, Rb,Zn(SO,)2,6H,0. 


Rubidium zinc sulphate crystallises well, in individuals frequently 
attaining large size, and somewhat resembling in appearance the 
crystals of the potassium salt just described. Ten excellent specimens 
of suitable small size were selected for measurement from four distinct 
crops. Analyses of similar specimens from one of the crops yielded 
the following results :— 


1:0740 gram of crystals gave 0°9300 gram of BaSQ,, corresponding 
to 29°73 per cent. of SO,. The calculated percentage of SO; is 
29°91. 

0°8805 gram of crystals gave 0°1325 gram of ZnO, corresponding 
to 15°05 per cent. of ZnO. The calculated percentage of Zn0 it is 
15°14. 


Habit: tabular in certain crops, and short prismatic in others. 

Axial angle: B = 74° 7’. 

Ratio of axes: a:b: c = 0°7373: 1: 0°5011. 

Forms observed: a = {100}coPcc; b = {010}coRco; c= {001 }oP; 
= {110}coP; p’ = {120}ooR2; g = {011 }Roo; o = {11l}— P; 
o = {111}+P; vr’ = {201} +2Boo; n = {121}—2P2. 


Fie. 7. 


In habit; the crystals of rubidium zinc sulphate closely resemble 
those of potassium zinc sulphate, the primary prism p{110} and 
basal plane c{001} being generally the most largely developed forms. 
The faces of the basal plane are, however, usually relatively smaller 
in the rubidium than in the potassium salt, the faces of the clinodome 
qi011} being larger in proportion. As shown in Fig. 7, the ortho- 
dome r'{201} and the clinopinacoid b{010} are also present, and are 
usually more largely developed than in case of the crystals of the 
potassium salt. The images afforded by all these forms on the 
crystals measured were uniformly good, being for the most part 
brilliant and single. 

In certain crops, the crystals exhibited a more or less tabular habit, 
as shown in Fig. 8, owing to a shortening of the faces of the prism 

2c2 
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zone. The faces of the hemipyramid o'{111} were not always pre- 
sent, and when developed were more distorted than usual, affording 
images much below the average of those yielded by the other forms. 


Ho. of Mean , 
Angle measured. measure- - Limits. channel. Calculated. Diff. 


ments. 
: 101 45° 16’ 
51 
7 
45 
35 
20 
33 
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1 
3. 
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1 
7 
7 
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25— 26 26 35 
25— 36 36 33 
2— 63 63 6 


51— 35 34 57 
92 31— 92 41 92 36 
52 19— 52 32 52 25 


Total number of measurements, 431. 
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In a few crystals of this type the orthopinacoid a{100} was present, 
although narrow. The prismatic form p'{120} was likewise occasion- 
ally observed. In addition to these forms, two others of much rarer 
occurrence were discovered upon one or two of the crystals measured, 
viz., the primary hemipyramid o{111} and the hemipyramid n{121}. 
In every case the reflections obtained from these rarer faces were 
good. 
The table on p. 360 gives the measurements. 


Cesium Zinc Sulphate, Cs,Zn(SO,)2,6H,0. 


This salt is one of the finest of the whole series, crystallising readily 
from solutions containing equal molecular proportions of the two con- 
stituent sulphates in brilliant, colourless, transparent crystals, which 
usually take the form of flattened prisms; they frequently attain to 
very large size, and possess a high specific gravity. 

Twelve crystals were employed in the measurements, 10 of which 
were excellent throughout, and were measured completely; of the 
remaining two, only certain zones were measured, the other zones 
being less perfect. These crystals were selected from five different 
crops. Analyses of specimens belonging to one of these crops gave 
the following numbers :— 


0°6595 gram of crystals gave 0°4895 gram of BaSO,, corresponding 
to 25°48 per cent. of SO;. The calculated percentage of SQ; is 
25°36. ; 

09015 gram of crystals gave 0°1165 gram of ZnO, corresponding to 
12-92 per cent. of ZnO. The calculated percentage of ZnO is 
12°84. 


Habit: flattened prismatic. 

Axial angle: B = 72° 59’. 

Ratio of axes: a:b: c = 0°7274: 1 : 0°4960. 

Forms observed: b = {010}coRco; c = {00L}oP; p = {110}ooP; 
q = {011}Poo; o' = {111}+P; 7’ = {201} +2Pc0; vn’ = 
{121} +22. 


Cesium zinc sulphate differs considerably in habit from potassium 
and rubidium zinc sulphates, as will be seen on comparison of Figs. 9 
and 10 (p. 362) with the figures representing the crystals of the two 
latter salts. Owing to the comparatively lesser development of the 
faces of the prism p{110}, the clinodome g{011} and the basal plane 
are the principal faces, and give to the crystals their flattened prismatic 
habit. The faces of the basal plane vary considerably in different 
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crops, sometimes slightly predominating as in Fig. 9, but much more 
frequently being reduced to narrow strips, as represented in Fig. 10. 
Indeed, the same general tendency for a preponderating development 
of the basal plane in the potassium salt, an intermediate development 
of it in the rubidium salt, and a habit of becoming reduced to a 
narrow strip in the cesium salt, has been observed in the zinc salts, 
as was noticed in the cases of the three salts containing magnesium. 
In the cesium zinc salt, it was further noticed that when their breadth 
became considerable the faces of the basal plane usually exhibited 
more or less curvature; in the specimens selected for measurement, 
however, single reflections were the.rule. The faces of the clinodome 
q{011} usually gave magnificent reflections, and were frequently the 
predominating planes. The prism faces p{110} also yielded particu- 
larly good reflections. The faces of the hemipyramid o'{111} were 
frequently developed to the same extent as those of the prism, but 
rarely gave such perfect reflections. The orthodome r'{201} was 
usually developed'to about the extent shown in the figures. The 
clinopinacoid .b{010} was not always present, and when developed 


Fie. 9. 


was small, but gave definite reflections. In one of the crystals 
measured the hemipyramid n'{121} was developed, but the reflections 
were too much affected by striation to afford trustworthy values. 

The angular measurements obtained are given in the table, p. 363. 

In the same manner as in the case of the three salts containing 
magnesium, a comparison will now be made of the potassium, 
rubidium, and cwsium salts containing zinc as the second metal. It 
will be seen from the differences exhibited in the table, p. 364, that 
the rules established in the case of the three salts containing mag- 
nesium as the second metal are followed even more implicitly in the 
zinc salts. 

The value of the axial angle f is again in the case of rubidium 
zinc sulphate midway between the values of the same angle in the 
potassium and cwsium salts; hence the differences (65' and 68’) are 
again directly proportional to the change in atomic weight. 

Out of the remaining 35 angles, no less than 32 follow the rule 
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No. of Mean 

Angle measured. — Limits. cunt. Calculated. 
100 : 101 44° 28’ 
101 : 0O1 = a 
100 : 0O1 

001 : I01 39 9 
101 : 201 26 6 
= 001 : 201 é 65 15 
201 : 100 41 46 


: 110 34 51 
: 120 19 28 
: 010 ~ 35 41 
: O10 J 55 

: 150 

: 110 


: O11 
: 010 
: O11 


: 111 
: O11 
: O11 
: 111 
: 100 


: 111 
: 110 
:110 
: 111 
: OOI 


: 111 
: 101 


: Ill 
: 101 
: lil 


: O11 

: 110 

: IOI 

: O11 

: 110 62 2 44 62 34 

: 101 _— 

: Ill 35 5 31 35 18 19 


: 110 21 92 39 92 30 
: 201 24 52 18 52 10 16 


Total number of measurements, 469. 
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that the values of the angles in the rubidium salt lie between the 
values of the corresponding angles in the potassium and cesium salts, 
Two of the three exceptions occur, ‘as in the magnesium salts, in the 
angles bo’ and o's’ lying on the zone of approximate neutrality; and 
the third, pr’, likewise an exception in the magnesium salts, belongs 
to the secondary zone referred to in discussing the latter salts. 
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Comparison of the Angles of the three Salts containing Zinc. 


= Potassium , Rubidium , Cesium: 
Bie. salt. y salt. . salt. 
100 : 001 = 8 75° 12’ 74° +7’ 72° 59’ 
100 : 101 45 56 45 16 44 28 
101 : OOL 29 16 28 61 28 31 
001 : 301 63 38 64 20 65 15 
001 : I01 38 32 388 45 39 «9 
TO1 : 201 6 25 35 26 6 
301 : 100 41 10 41 33 41 46 


100 : 110. 37 35 22 : 34 51 
110 : 120 19 28 19 28 19 28 
120 : 010 55 35 10 35 41 
110 : 010 23 54 38 55D 


001 : O11 44 25 23 
011 : 010 5 16 64 


100: 111 27 é 47 
111: 011 2 17 27 
100: O11 44 
O11 : [11 55 
Ill : 100 21 


001 : 111 24 
111: 110 42 
001 : 110 é 
110: 111 é 59 
111 : 001 55 


010: L1l 24 
111: 101 9 36 


010 ; T11 18 
T11 : 101 47 


101: O11 54 
011 : 110 7 
110 : lol é 59 


101 : O11 ¢ 22 
011: 110 6 
110 : 101 32 


301 : I11 1 
T11 : 110 36 92 
110 : 201 16 +7 23 7 52 


| 


bud Pog wd 
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Moreover, the differences in all three exceptions approach the limits 
of error, varying as they do only from 0’ to 7’. 

Again, the maximum deviation from direct simple proportionality 
occurs in the prism zone. The relative amounts of change in the 
angles ap and pb of this zone in case of the zinc salts bear the ratio 
of one to two, the difference between the potassium and rubidium 
salts being 15', and between the rubidium and cesium salts 31’. 

The changes in the axial ratios are again very slight, from the 
cause previously stated :— 
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In potassium zinc sulphate... a@:6b:c = 0°7413: 1 : 0°5044 
» rubidium ,, » «ee @:6:¢ = 07373:1: 05011 
», Ccexesium = 9 eee) «@2b te = 07274: 1: 04960 


And although the ratios of the rubidium salt stand between the 
ratios of the potassium and cesium salts, still the actual differences 
are so slight that no deductions drawn from them can be regarded as 
possessing the same value as those derived from a comparison of the 
angles themselves. 


Salts containing Iron. 
Potassiwm Ferrous Sulphate, K,Fe(SO,)2,6H,0. 


Excellent crystals of this well known salt were obtained by slow 
crystallisation over oil of vitriol in a vacuum. They are liable to 
somewhat rapid efflorescence, and were therefore measured as soon 
after removal from the mother liquor as possible. Ten particularly 
fine crystals from four distinct crops were selected for measurement. 
They were perfectly clear and transparent, of a pale green colour, 
and exhibited very brilliant faces. 

Analyses of specimens taken from one of the crops from which 
crystals were measured gave the following results :— 


0°8657 gram of crystals gave 0°9240 gram of BaSQ,, corresponding 
to 36°65 per cent. of SO,. The calculated percentage of SOQ; is 
36°87. 

1:4250 gram of crystals gave 0°2645 gram of Fe,0;, corresponding 
to 16°70 per cent. of FeO. The calculated percentage of FeO is 
16°59. 


Habit: tabular in certain crops and short prismatic in others. 

Axial angle: 8 = 75° 28’. 

Ratio of axes: a:b: c = 0°7377 : 1 : 0°5020. 

Forms observed : a = {100}coPco ; b = {010}coRco; ¢c = {001 }oP; 
P = {110}ooP; p’ = {120}coR2; g = {011}Roo; o= {111}—P; 
o = {111}+P; r’ = {201} +2Boo; nm’ = {121} +2R2. 


In the crystals of potassium ferrous sulphate examined, the faces of 
the basal plane c{001} were usually the predominating planes, as repre- 
sented in Fig. 11 (p. 367), and gave to the crystals their tabular habit. 
The prism faces p{110} came next in importance, and the images of 
the signal afforded by them were particularly brilliant and sharply 
defined. The faces of the clinodome g{011}, as in most of the salts 
of the series containing potassium, were generally small, but yielded 
good reflections. In certain crops, however, the faces of the clino- 
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dome assumed greater relative importance, as shown in Fig. 12; in 
these crops the orthodome r'{201} was frequently developed to an 
extent not observed in any of the salts containing magnesium and 


No. of _ ; 
Angle measured. measure- Limits. denned. Calculated. Diff. 


ments. 
100 : 101 — -- 
101 : —_ —_— 
100 : 16 5° 2 é 75° 28’ 
OO1 : aos -- 
101 : a aa 
OO1 : 2 lf é 63 20 
301 : 15 12 


100 : 3: ¢ 36 
110: 
120: 
110; 
110: 
110: 


O01 : 
Oll: 
Oll: 


100: 
lll: 
100 : 
Oll: 
Ill : 


O01 : 
lll : 
O01 : 
110: 
111: 


010 : 
lll : 


O10 : 
I21: 
O10: 
Ill: 
Ill : 


101 : 
Oll: 
I21 : 
O11 : 
T10: 


Tol : 
Oll : 
110: 


201 : 2 34 51 34 37 
T1l1 : ‘ 92 18 93 7 
110: 52 26 52 16 


Total number of measurements, 579. 
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zinc. In a few of the crystals measured, the faces of the hemi- 
pyramid o’{111} were also particularly well developed, and gave 
excellent images; more usually, however, the faces of this form were 
both unimportant and somewhat curved. The orthopinacoid a{100} 
was generally present to about the extent shown in the figures, and 
gave good reflections, but the clinopinacoid b{010} was only found 
snfficiently well developed to afford trustworthy reflections upon 
three crystals. Upon one crystal, faces of the primary hemipyramid 
o{111} were observed, but the images obtained were too faint for 
accurate allocation. The prismatic form p’{120} was also met with 
once, and the image afforded by it was clear and bright. Faces of 
the hemipyramid n'{121} occurred upon several crystals, and were. 
occasionally fairly brilliant, and yielded good reflections. 


Fie. 12. 


The results of the measurements are recorded in the table, 
p. 366. 

A few measurements of this salt have previously been made by 
Marignac, and by Murmann and Rotter (loc. cit.). The values given 
by Marignac (vide Rammelsberg, Kryst. phys. Chemie) accord best 
with those given above; the value of the axial angle is given as 
75° 27’, and the ratio of the axes a: b: ¢ = 0°7417: 1 : 0°5039. 


Rubidium Ferrous Sulphate, Rb,.Fe(SO,)2,6H,0. 


Very fine crystals of this salt are readily obtained, individuals of 
large size being frequently formed. The faces of the specimens 
examined were exceptionally perfect, even those of the largest usually 
giving excellent single reflections without any trace of curvature 
being apparent. The crystals are perfectly transparent and of a pale 
green colour, similar to that of potassium ferrous sulphate. They 
may be preserved unchanged in tightly stoppered bottles, but soon 
effloresce and oxidise when exposed to the air. Ten excellent crystals 
were measured, selected from three distinct crops. Specimens taken 
for analysis from one of these crops yielded the following results :— 
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0°8167 gram of crystals gave 0°7205 gram of BaSQ,, corresponding 
to 30°29 per cent. of SO;. The calculated percentage of SO; is 
30°42. 

0°5075 gram of crystals gave 0°0785 gram of Fe,0;, corresponding 
to 13°92 per cent. of FeO. The calculated percentage of FeO is 


13°69. 


Habit: more or less tabular. 

Axial angle: 8B = 74° 16’. 

Ratio of axes: a:b: c¢ = 0°7377: 1 : 0°5004. 

Forms observed : a = {100}coPoo; b = {010}coRco; ¢ = {001 }oP; 
Pp = {1l0}ooP; g = {OL]}Poo; o= {111}—P; o'= {111}+P; 
‘= {201} +2Boo., 


Two typical forms of the crystals of rubidium ferrous sulphate are 
represented in Figs. 13 and 14. The basal plane c{001} is usually 
the most extensively developed plane, although not so large re- 
latively as in the case of potassium ferrous sulphate, the faces of the 
clinodome g{011}, as shown in Fig. 13, being larger in proportion 
than they usually are in the crystals of the latter salt. The large 
development of the orthodome r'{201} is a characteristic feature of 
the crystals of rubidium ferrous sulphate. The prism faces p{110} 
vary considerably in their relative dimensions, but are always im- 
portant faces, although usually smaller than those of the orthodome 
r’. The faces of the hemipyramid o'{111} vary very much more, 
being sometimes equal in extent to those of the prism, as represented 
in Fig. 13, but more frequently they are comparatively unimportant, 
as shown in Fig. 14. The primary hemipyramid o{111} is only occa- 
sionally encountered, and then is relatively very small; in the three 
instances in which it was observed, however, excellent reflections 
were obtained. The orthopinacoid a{100} was only once met with, 
and in that case was a mere line. The clinopinacoid b{010}, although 
occasionally absent, is generally developed to about the extent shown 


in the figures. 
The following table gives the results of the measurements :— 
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No. of 


Angle observed. measure- Limits. 


: 101 
: 001 
: 0O1 
: IOl 
: 301 
: 201 
: 100 


: 110 
: 120 
: 010 
: 010 
: 110 
: 110 


: O11 
: 010 
: O11 


: 111 
: O11 
: O11 
: Ill 
: 100 


: 111 
: 110 
:110 
:111 
: OOI 


ments. 


26 — 54 
42 — 70 
6 —109 


36 — 25 
8— 64 
28 —128 


6— 63 : 


48 — 35 
36 15— 92 
39 16— 52 


17 
48 
34 


Mean 
observed. 


Calculated. 


74° 15’ 


64 9 
41 34 


63 15 


35 =O 
92 34 
52 25 


Total number of measurements, 498. 


Cesium Ferrous Sulphate, Cs,.Fe(SO,)2,6H,0. 


Cesium ferrous sulphate likewise forms brilliant, transparent crys- 
tals of a pale green colour, slightly paler than that of the potassium 
and rubidium salts; they exhibit faces of a high order of perfection. 
It also resembles the two latter salts in efflorescing and oxidising on 
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exposure to the atmosphere, but is quite permanent when stored in 


tightly stoppered bottles. 
Eleven of the best formed individuals were measured, belonging to 
three different crops. A portion of one of these crops was submitted 


to analysis with the following results :— 


0°9230 gram of crystals gave 0°6965 gram of BaSQ,, corresponding 
to 25°91 per cent. of SO;. The calculated percentage of SO, is 
25°72. 

1:0102 gram of crystals gave 0°1320 gram of Fe,0;, corresponding 
to 11°76 per cent. of FeO. The calculated percentage of FeO is 


11°58. 


Habit: prismatic to pyramidal. 

Axial angle: B = 73° 8’. 

Ratio of axes: a:b: ¢ = 0°7261: 1: 0°4953. 

Forms observed : b = {010}coRco; ¢ = {001}oP; p = {110}ooP; 
q = {O11}Pco; o = {111}+P; r’ = {201} +2Poo. 


Fia. 15. 


The crystals of cesium ferrous sulphate obtained exhibit, in con- 
formity with the cesium magnesium and cesium zinc salts, an 
entirely different habit from those of the corresponding salts con- 
taining potassium and rubidium. The basal plane c{001}, which is 
so largely developed in the potassium salt and still retains consider- 
able importance in the rubidium salt, is reduced to a narrow strip, 
and frequently to a mere line. The clinodome g{011} is now the 
predominating form, endowing the crystals with their prismatic 
habit ; its faces usually gave magnificent single reflections upon the 
crystals measured. The prisms thus formed, however, are usually 
about as broad as long, and the ends are formed by the faces of the 
prism p{110}, hemipyramid o'{111}, and orthodome r’{201}. Some- 
times, owing to the shortening of the faces of the zone [eqb], a 
pyramidal habit is exhibited, the faces of the pyramids being those of 
the prism and clinodome. The faces of the prism p and hemipyramid 
o' vary considerably in their relative development in different crops. 
Sometimes they are approximately equal in extent, as represented in 
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Fig. 15. In other crops the prism faces are much more largely 
developed at the expense of the hemipyramid, whose faces are. 
reduced to comparatively small dimensions, as shown in Fig. 16. 
Both these forms gave excellent reflections, those of the hemipyramid 
being far above the usual average for this form thronghout the- 
series. The orthodome 7’{201} is usually a prominent form, and the- 


No. of — 

Angle measured. — Limits. observed, Calculated. Diff. 
100 : 101 44° 34’ 
101 : 001 —_ 28 34 

100 : 001 73 

= 001 : 101 — 39 

= I01 : 201 26 

= 001 : 201 65° 5’— 65° 21’ ° 65 

: 100 — 41 


: 110 -- 34 
: 120 — 19 
: 010 _ 

: 010 58— 55 

: 110 26— 69 

: 110 13 —110 


: O11 5— 25 
: 010 28— 64 
: O11 


: 111 
: O11 
: O11 
: Ill 
: 100 


: 111 
:110 
: 110 
:11I 
: OOI 


: 111 
: 101 


: Ill 
: I01 
: lil 


: O11 
: 110 
: IOI 


: O11 

: 110 62 31— 62 51 

: 101 a 

: Ill 34 58— 35 21 35 11 
: 110 92 26— 92 55 92 38 
: 201 51 55— 52 24 52 11 


FESS barns 


Total number of measurements, 572. 
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prominence given to it in Fig. 16 is characteristic of many of the 
crops obtained. It has, however, occasionally been found reduced to 
microscopic dimensions. The faces of the clinopinacoid b{010} are 
generally present, and not unfrequently attain even larger relative 
proportions than those attributed to them in the figures. 

The goniometrical results obtained are tabulated on p. 371. 

As previously with respect to the salts containing magnesium and 
zinc, a table is now given in which the respective values of the 
various angles of the three salts just described are compared. 


Comparison of the Angles of the three Salts containing Iron. 
Potassium Diff. Rubidium pig Cesium 


Angle salt. salt. salt. 
fae =100:001=8 75° 28’ —72’ 74° 16 -68° 73° 8’ 
= = 100: 101 46 9 —45 45 24 —50 44 34 
se = 101: 001 29 19 _ 28 52 _ 28 34 
er’ = 001 : 201 68 21 +47 64 8 +60 65 8 
es’ = 001: I01 38 23 — 38 38 _ 39 #7 
sr’ = T01 : Zo! 24 58 +32 25 30 +31 26 1 
\v’a = 201: 100 41 11 — 41 36 _ 41 44 
ap = 100: 110 35 36 -13 85 23 —34 34 49 
pp’ = 110: 120 19 28 on 19 28 — 19 28 
pb = 120:010 34 56 +13 85 9 +34 85 43 
pb =110:010 54 24 _ 54 37 _ 55 11 
eq = 001: 011 25 56 -13 25 43 —22 25 21 
qo = 011: 010 64 4 — 64 17 _— 64 39 
fao =100:111 49 21 —46 48 35 —53 47 42 
|og =111:011 27 37 _ 27 17 _ 27 (6 
Jaq =100:011 76 58 —66 75 52 —64 74 48 
go’ = 011: 111 34 35 — 34 51 _ 35 20 
o’a = 111: 100 68 27 +50 69 17 +35 69 52 
= 001 : 111 34 56 —30 84 26 —29 83 57 
op =111:110 43 17 — 42 48 _ 42 16 
4 cp =001:110 78 13 —59 77 :«14 —61 76 138 
po’ = 110:11T 57 13 — 57 57 — 58 38 
oe = 111: 001 44 34 +15 44 49 +20 45 9 
ho =010:111 70 6 +17 70 23 +27 70 50 
os =111:101 19 54 —_ 19 37 —_ 19 10 
bo’ = 010: T11 65 20 - 5 65 15 +7 65 22 
o’s’ = 111: IOl 24 40 — 24 45 —_ 24 38 
sq = 101:011 38 22 —27 87 55 —27 87 28 
qp = 011: 110 85 55 +66 87 1 +79 88 20 
ps = 110: Io! 55 43 _ 55 4 _ 54 12 
sq = 101: 011 45 10 — 45 16 _ 45 29 
qp = 011:110 64 1 —47 68 14 —36 62 38 
ps’ = 110: 101 70 49 +41 71 30 +23 71 58 
vo’ = 301: 111 34 32 +25 34 57 +16 35 13 
o’p = 111:110 93 12 _ 92 37 _— 92 34 
pr = 110: 201 52 16 +10 52 26 -13 52 13 
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The relationships deduced from the comparisons of the potassium, 
rubidium, and cesium salts containing as the second metal mag- 
nesium and zinc respectively are again exhibited by the three salts 
containing iron as the second metal. 

The differences between the values of the axial angle (72’ and 68’) 
are again approximately equal, and consequently proportional to the 
increments in atomic weight. 

Out of the other 35 angles compared, 32 again follow the rule that 
the values of the rubidium salt lie between those of the potassium 
and cesium salts. Moreover, the three exceptions are the same (bo’, 
o's’, and pr’) as in the salts containing magnesium and zinc, and 
therefore capable of the same ready explanation. Again, the maxi- 
mum deviation from simple proportionality occurs in the prism zone. 
The relative amounts of change in the angles ap and pb of this zone 
bear a relation between 1 : 2, ‘the ratio found in the case of the zinc 
salts, and 1 : 3, the ratio found for the magnesium salts, and lying 
nearer to the latter ratio (the differences being 13’ and 34’). 

The changes in the axial ratios are again slight, and afford very 
little indication of the change of form of the crystals. 


For potassium ferrous sulphate. . :¢ = 0°7377 : 1 : 0°5020 
» rubidium _,, » :¢ = 0°7377 : 1: 0°5004 
» cesium os » “* :¢ = 0°7261 : 1 : 0°4953 


Salts containing Manganese. 


As explained in the introductory paragraph, “ The Salts of the Series 
investigated” (p. 342), attempts to prepare crystals of the double 
sulphate of potassium and manganese containing 6 mols. H,O have 
so far been unsuccessful. 


Rubidium Manganous Sulphate, Rb.Mn(SO,)2,6H,0. 


Rubidium manganous sulphate, unlike the potassium salt, crystal- 
lises readily from solutions containing equal molecular proportions 
of rubidium and manganous sulphates, in large, transparent, and 
very brilliant crystals of a pale pink colour. Ten crystals, chosen 
from five different crops on account of their comparative freedom 
from the curvature and distortion which many of the crystals of this 
salt were found to exhibit, were measured. 

Estimations of the sulphuric acid and manganese in a quantity of 
crystals taken from one of these crops yielded the following num- 
bers :— 


08490 gram of crystals gave 0°7550 gram of BaSQ,, corresponding 
to 30°53 per cent. of SO;. The calculated percentage of SQ; is 
30°48. 
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The manganese was determined in the filtrate from the barium 
sulphate after removal of the excess of bariam by dilute sulphuric 
acid. The manganese was precipitated by pure sodium hydrate and 
weighed as Mn,O,. The weight of Mn;O, obtained was 0°1250, cor- 
responding to 13°69 per cent. of MnO. The calculated percentage of 
MnO is 13°52. 
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Habit: tabular to short prismatic. 

Axial angle: 8 = 74° 3’. 

Ratio of axes: a: b: c = 0°7382: 1 : 0°4950. 

Forms observed : a = {100}coPoo; b = {010}coRco; ¢ = {001 }oP; 
p = {110}coP; p’ = {120} coR2; g = {01]}Poo;0={1ll}—P; 

o' = {111}+P; r’ = {201}+2Beco. 


The crystals of rubidium manganons sulphate usually exhibit a niore 
or less tabular habit, as represented in Fig. 17, owing to the predomin- 
ance of the basal plane c{001}, but not unfrequently are much thicker 
and almost prismatic in habit. Although as a rule the predominating 
end form, the faces of the basal plane are not so large compared with 
those of the clinodome ¢{011} as in the potassium salts previously de- 
scribed, but resemble more the other rubidium salts, the clinodome being 
sometimes quite as largely developed as the basal plane. The prism 
p{110} is always an important form, but its faces vary considerably, 
being short in the tabular, and almost as long as broad in the crystals 
of short prismatic habit. The reflections obtained from the faces of 
these three forms in the 10 crystals measured were usually very bril- 
liant and definite. The faces of the remaining forms were all small, 
and rarely all present on any one crystal. The orthopinacoid a{100} 
was only represented by one narrow face upon each of the six crystals 
upon which it was found. The clinopinacoid b{010} was only ob- 
served upon the crystals of a few crops. The hemipyramid o0’{111}, 
however, was universally present, but small, and frequently distorted. 
The faces of the orthodome {201} were likewise generally developed, 
but particularly small compared with their relative dimensions gn most 
of the other salts of the series, and the reflections afforded were below 
the average. Upon two of the crystals measured, small faces of the 
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primary hemipyramid o{111} were discovered, and faces of the pris- 
matic form p'{120} upon four of the crystals examined. 
The results of the measurements and calculations are tabulated 


below :— 


No. of Mean 
Angle measured. — Limits. damel. Calculated. Diff. 
: 101 -— 45° 27’ 
: 0O1 _— 28 36 
: OOL 7 74 «2' 74 38 
: 101 38 23 
: 201 25 35 
: 201 2 64 63 58 
: 100 48-— 41 59 


: 110 } 14— 2 20 
: 120 1l— 2 28 
: 010 _ 

: 010 40 — 

: 110 31— 70 

: 110 7—109 


: O11 13— 25 
: 010 24— 64 
: O11 50 —129 


o;e |e @e; | 


~ | 
— 


toi il 


— 


: 111 _ 
: O11 _ 
: O11 38— 75 
: Ill 36— 34 
: 100 y 35— 69 


:111 3— 34 
: 110 45— 42 
: 110 54— 77 
:11I 7— 58 
: OOT 24— 44 


SO bm Or 


Bm1 | wm Ot 


: 111 
: 101 


: Ill 
: 101 
: Til 


: O11 
: 110 
: IOI 


“W 
1 | 


o\;e@ 


eI 


: O1l _ 
: 110 63 63 18 63 10 
: 101 ; — 


: I11 21 34 39— 35 6 34 56 
: 110 21 92 22— 92 43 92 30 
: 201 30 52 26— 52 44 52 34 


Total number of measurements, 413. 


ia 


Owing to the fact, previously alluded to, that the faces of the 
hemipyramid o’{111} and of the orthodome r'{201} were some- 
2p2 
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what affected by distortion, the differences between the calculated 
and observed values of the angles which involve these forms are 
somewhat greater than those usually observed during the course of 
this work. The calculated values in these cases are probably nearer 
the truth, being calculated from angles involving faces free from this 
defect. 


Cesium Manganous Sulphate, Cs,.Mn(SO,).,6H,0. 


Cesium manganous sulphate likewise crystallises with facility, 
forming large, transparent, brilliant individuals of the same pale pink 
colour as the rubidium salt. Twelve crystals selected from four 
different crops were measured. Two of these crystals were only 
partially measured, certain zones being unsuitable, owing to slight 
distortion ; the remaining 10 crystals were measured completely. 

Analyses of other crystals belonging to one of these crops afforded 
the following data as to purity :— 


* 0°7488 gram of crystals gave 0°5675 gram of BaSQ,, corresponding 
to 26-02" pér cent. of SO;. The calculated percentage of SO; is 
25°77. ~ 

The determination of manganese in the filtrate, as in the case of 
the rubidium salt, gave 0°0940 gram of Mn,O,, corresponding to 11°67 
per cent. of MnO. The calculated percentage of MnO is 11°43. 


Habit: prismatic or pyramidal. 

Axial angle: B = 72° 53’. 

Ratio of axes: a:b: ¢ = 0°7274: 1 : 0°4913. 

Forms observed: b = {010}caRco; ¢ = {001}oP; p = {110}coP; 
p= {120}ooR2; g = {Oll}Roo; o' = {111}+P; 7’ = 

: {201} + 2Beoo. 


The commonest habit of the crystals of cesium manganous sulphate is 
shown in Fig. 18 (p.378). The principal faces are those of the clinodome 
q{011} and the prism p{110}, and the relation of these two forms de- 
termines the habit. Sometimes the clinodome faces are so elongated 
in the direction of the zone axis (that is, in the direction of the edge 
eq) that long prisms are the result, the faces of p{110} being then 
the principal end faces. In other crystals, the faces of the prism 
are so high (elongated in the direction of the edge pp) that prisms 
are again produced, but whose principal end faces are those of the 
clinodome gq. The crystal drawn represents the commonly occurring 
case when the faces of the prism and clinodome are about equally de- 
veloped. Such pyramidal crystals have been obtained of large size 
and considerable weight, and owing to their perfect transparency and 
pale pink colour, are very beautiful objects. 
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Again, in cesium manganous sulphate, as in the cesium salts con- 
taining magnesium, zinc, and iron, the basal plane, fairly broad in 
the rubidium salt, is reduced to a narrow strip and often a mere 
line. The orthodome r’{201} is usually much larger, although 
scarcely more free from distortion, than in the crystals of the rubid- 
ium salt, and the prismatic form p’{120} is almost universally pre- 


No. of 


—_ Mean : 
Angle measured. = Limits. observed, Calculated. Diff. 


100 : 101 44° 37’ 
101 : 0O1 28 16 
100 : 0O1 _— 72 
001 : 101 - 38 
101 : 201 26 
C01 : 201 j 64 
201 : 100 — 42 


100 : 110 34 
110 : 120 19 
120 : 010 35 
110 : 010 55 
110 : 110 
110 : 110 


001 : O11 
011 : 010 
O11 : O11 


100: 111 
111: O11 
100 : O11 
011: 111 
I11: 100 


001 : 111 
111: 110 
001 :-110 
110 : 111 
111 : 0o1 


010 : 111 
111: 101 


010: I11 
I11 : 101 
i111: Til 


101 : 011 
011 : 110 
110 : iol 


101 : O11 
011: 110 62 62 28 
110: 101 a 


201 : I11 34 34 35 18 
111 : 110 92 2 40 92 18 
110 : 201 52 54 52 28 


Total number of measurements, 589. 
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sent, and frequently attains considerable prominence. The faces of 
the hemipyramid o'{111} are, however, but small, and their reflec- 
tidns as imperfect as in the case of the rubidium salt. The clino- 
pinacoid b{010} is usually present, and is often developed to an extent 
equal to that of the basal plane c. 


Fie. 18. 


The results of the measurements are given in the table, p. 377. 

As in the gase of rubidium manganous sulphate, owing to the 
presence of more or less distortion the reflections yielded by the 
faces of the hemipyramid o’ and those of the orthodome +’ were in- 
ferior to those usually obtained in other salts of the series, and 
the differences between the calculated and mean observed values of 
the angles involving these faces are consequently larger than will 
be generally found in this memoir. 

Owing to the inability to prepare the potassium manganous salt 
containing 6 mols. H,O, a complete comparison of the angles canuot 
be effected, but it will nevertheless be interesting to see if the re- 
lationships discovered between the rubidium and cesium salts con- 
taining magnesium, zinc, and iron are repeated in those containing 
manganese. 

It will be at once evident, upon comparing the differences (p. 379) 
with those shown in the previous tables of comparison, that pre- 
cisely the same relationships hold between the rubidium and cesium 
manganoas salts as were found between the rubidium and cesium 
salts containing as the second metal magnesium, zinc, and iron re- 
spectively. The differences are all of the same order, very close in 
actual value, and all of the same sign. Indeed there is no room for 
doubt that if the corresponding potassium salt could only be pre- 
pared, the three salts containing manganese would follow the rules 
which apply so remarkably in the cases previously discussed. More- 
over, the differences between the axial ratios are of the same order as 
those between the rubidium and cesium salts of the series. 


For rubidium manganous sulphate.. a:b: ¢ = 0°7382: 1 : 0°4950 
»» Cesium ” - .. a:b:c = 0°7274:1: 04913 
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Comparison of the Angles of the two Sults containing Manganese. 


Rubidium Diff. Cesium 
salt. ‘ 

:001 = 8 74° 3’ —70’ 

: 101 45 —ad0 

: 0O1 28 — 

: 201 63 +57 

: I01 38 — 

: 2301 25 +32 

: 100 41 


: 110 35 
: 120 19 
: 010 35 
: 010 54 


: O11 25 
: 010 64 


: 111 48 
: O11 27 
: O11 75 
: Ill 34 
: 100 69 


: 111 34 
: 110 42 
:110 77 
: 111 58 
: OOI 44 


: 111 70 
: 101 19 


: Ill 65 
: IOl 24 


: O11 37 
: 110 87 
: IOI 55 


: O11 44 
: 110 63 
: lol 71 


: 111 34 
: 110 92 
: 201 52 


Salts containing Nickel. 
Potassium Nickelous Sulphate, K,Ni(SO,)2,6H,0. 


Excellent crystals of this well-known bright green salt were ob- 
tained by slow evaporation. Ten of the most perfect, selected from 
three different crops, were measured. Analyses of a few other crys- 
tals belonging to one of these crops gave the following numbers :— 
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0°9667 gram of crystals gave 1°0245 gram of BaSQ,, corresponding 
to 36°39 per cent. of SO;. The calculated percentage is 36°61. 

0°8398 gram of crystals gave 0°1455 gram of NiO, corresponding to 
17:32 per cent. of NiO. The calculated percentage of NiO is 


17°16. 


Habit: varying between prismatic and tabular. 

Axial angle: B = 75° 0’. 

Ratio of axes: a:b : ¢ = 0°7379: 1 : 0°5020. 

Forms observed : a = {100}coPco; b = {010}coRco; c= {001 }oP; 
p ={1l0}ooP; p’ = {120}coR2 ; p” = {210 }ooP2 ; ¢ = {011} Roo; 
m ={021}2Poo; o={L11}—P; o' ={111}+P; n={121}—2R2; 
v= {112}+2P; ‘= {201} +2Boo. 


Fie. 19, 


The crystals of this salt are exceptionally rich in faces. A 
common type is represented in Fig. 19, in which the faces of the 
clinopinacoid b{010} and the prism p{110} form a more or less 
equally developed, short, six-sided prism. It frequently happens, 
however, that one pair of the faces of the prism p are much more 
largely developed than the other pair, giving to the crystal a tabular 
habit. The prism faces, moreover, are usually much striated 
parallel to the edge pp, and curved, but the 10 crystals measured 
were chosen on account of their greater freedom from this disturb- 
ing influence, many of the prism faces on these particular specimens 
being absolutely plane, yielding brilliant single reffections. Of the 
end faces, the basal plane c{001} usually predominates, as in most of 
the salts of the series containing potassium, but the faces of the 
clinodome g{011} frequently attain the importance attached to them 
in the figure, and generally yield excellent imayes of the signal. 
The orthodome 7'{201} is usually smaller, but also well-formed and 
plane. The faces.of the prismatic form p'{120} are rarely absent, 
and often assume considerable relative importance. The hemipyramid 
o' {111} is only, as a rule, developed to the extent shown in the figure. 
The remaining forms were all small upon the specimens examined; 
their reflections, however, were all good. In addition to the ortho- 
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No. of Mean 
Angle measured. measure- Limits. b a q, Calculated. 
sneate. observed. 
100 : 101 _ _ 45° 48’ 
101 : 001 _ _— — 29 12 
100 : OO1 74° 53’— 74° 55’ 74 54’ 75 «0 
001 : Il _ _ 38 33 
101 : 201 _— — 25 11 
001 : 63 45— 63 59 63 51 63 44 
201 : . 41 ll— 41 15 41 13 41 16 


100 : — —_— 19 37 
210: _— 15 56 15 52 
100 : 35 16— 35 35 29 35 29 
110: 19 19— 19 19 28 19 28 
120 : 34 49— 35 35 «3 35 «3 
110: 54 22— 54 54 31 31 
110: 70 56— 71 70 58 

110: * 108 59—109 


001 : 39— 25 25 
Oll: 
021: 
Oll: 
Oll: 


100 : 
lll: 
100 : 
O11: 
Ill: 


001 : 
lll: 
O01 : 
110: 
111: 
113 : 
111: 
010: 
121: 
010: 
lll: 
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110 : 101 
201 ; I11 
Ill : 021 
021: 110 
I11:110 
110 : 201 


~ ie 


39— 34 57 34 46 
40— 36 53 36 46 
12— 56 20 56 15 
56— 93 4 93 1 
6— 52 24 52 13 


Total number of measurements, 475. 
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pinacoid a{100}, the primary hemipyramid o{111}, and the hemi- 
pyramid n{]21}, three forms not observed upon the crystals of the 
salts previously discussed were discovered. These are the prismatic 
form p”{210}, the clinodome m{021}, and the pyramidal form v{112}. 
The last two forms were almost universally present upon the crys- 
tals of one crop, and occasionally upon those of the other crops 
examined. 

The table on p. 581 exhibits the results of the measurements. 

The values of the crystallographical constants and of the very few 
measured angles given by Rammelsberg, Brooke, and Murmann and 
Rotter (loc. cit.), are fairly close to those given above. The ratio of 
the axes given by the latter observers is 

a:b:¢ = 0°7374: 1 : 04965, 


and the axial angle as determined by the same observers 74° 57’. 


Rubidium Nickelous Sulphate, Rb.Ni(SO,)2,6H,0. 


The crystals of rubidium nickelous sulphate resemble those of the 
potassium nickel salt in being of a deep green colour. Among others, 
several crops were obtained consisting of small crystals admirably 
adapted for goniometrical purposes, about 4 mm. diameter, and ex- 
hibiting very brilliant and plane faces. Ten perfect little individuals 
were selected from four of these crops and measured. . 

Analyses of other crystals belonging to one of these crops yielded 
the following numbers :— 

1:0560 gram of crystals gave 0°9325 gram of BaSQ,, correspond- 
ing to 30°32 per cent. of SO;. The calculated percentage of SO; 
is 30°25. 

08770 gram of crystals gave 0°1255 gram of NiO, corresponding 

to 14°31 per cent. of NiO. The calculated percentage of NiO is 
1418. 


Habit: varying from tabular to prismatic. 
Axial angle: 8 = 73° 57’. 

Ratio of axes: a: b: ¢ = 0°7350: 1 : 0°5022. 

Forms observed: b ={010}coRco; c= {001}oP; p = 
traces of p’ = {120}ooR2; g = {Oll}Roo; o' = 
r’ = {201} +2Boo. 


ns me 


The habit usually assumed by the crystais in the various crops ob- 
tained is shown in Fig. 20 (p. 384). The predominating forms are the 
prism p{110} and basal plane c{001}. It very frequently happens, 
however, that one pair of prism faces are much more largely developed 
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than the other pair, giving to the crystals a prismatic habit as 
shown in Fig. 21. The faces of the clinodome g{011} are gener- 
ally well developed, especially in the larger crystals, but occasionally 
are small, as represented in Fig. 21; these faces were particularly 
perfect upon the individuals measured, the images of the signal 
which they afforded being uniformly sharp and single. Moreover, 


No. of “ai Mean ; 
Angle measured. measure- Limits. observed. Calculated. Diff. 


ments. 

: 101 

: OOL 

: OO1 

: 101 

: 201 — 

: 201 64° 28’— 64° 40’ 64° 34’ 
: 100 — 


: 110 oun 
: 120 
: 010 
: 010 
: 1I0 
): [10 


: O11 
: O10 
: O11 


:1ll 
: O11 
: O11 
: Ill 
: 100 


: 111 
: 110 
:110 
: 111 
: OOI 


:111 
: 101 


: Ill 65 13 
: 101 om 
: Til 49 34 


: O11 _ 
: 110 87 17 
: IoI = 
: 011 = 
:110 y 62 59 
: 101 pa 
: Ill dD 35 7 
: 110 7 92 33 
: 201 52 19 


Total number of measurements, 422. 
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the prism faces were almost entirely free from striation in the small 
crystals measured, and yielded very trustworthy values. On the 
other hand, the faces of the basal plane were almost universally 
striated or curved parallel to the axis a, so that the reflections 
when the crystal was adjusted for measuring the zone [cgb] were 
usually double or multiple. ‘The mean position, however, of these 
various images afforded a fairly accurate approximation to the posi- 
tion of c. Moreover, as the definition of the images given by the 
q faces was particularly perfect, any slight uncertainty respecting the 
position of ¢ disappears on taking the mean of the whole of the 
values of the angle cq obtained. When the crystal was adjusted for 
measuring the zone [acr’], the multiple reflections of ¢ coincided 
into one single image, affording accurate readings. 


Fia. 20, Fie. 21. 
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The faces of the clinopinacoid b{010}, orthodome r’{201}, and the 
hemipyramid o'{111} are usually present, but small. Faces of the 
prismatic form p'{120} were observed upon one crystal, but the 
images of the signal reflected from them were too faint for accu- 
rate allocation. 

The results of the measurements and calculations are tabulated 
on p. 383. 


Cesium Nickelous Sulphate, Cs,Ni(SO,)2,6H,0. 


The crystals of cesium nickelous sulphate are bright green and 
perfectly clear and transparent, like the corresponding potassium and 
rubidium salts. They readily grow to large size. Ten small crystals 
were measured, selected from five different crops. 

Estimations of the sulphuric acid and nickel contained in other 
crystals belonging to one of these crops yielded the following 
numbers :— 


0°6645 gram of crystals gave 0°5000 gram of BaSQ,, corresponding 
to 25°84 per cent. of SO;. The calculated percentage of SQ; is 
25°60. 

0°6775 gram of crystals gave 0°0810 gram of NiO, corresponding 
to 11°95 per cent. of NiO. The calculated percentage of NiO is 
12-00. 
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Habit: prismatic. 

Axial angle: 6 = 72° 58’. 

Ratio of axes: a:b: ¢ = 0°7270: 1: 0°4984. 

Forms observed: b = {010}coPoo; ¢c = {O0L}oP; p = {110}ooP; 
q = {011}Roo; o' = {111}4+P; r’ = {201} 4+2Boo. 


No. of co Mean 
Angle measured. measure- Limits. observed, C#lculated. Diff. 


ments. 
: 101 
: 0O1 
: 001 
: I01 
: 201 
: 201 
: 100 


:110 
: 120 
: 010 
: 010 
: 110 
: 110 
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: 010 
: O11 


: 111 
: O11 
: O11 
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: 100 


: 111 
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:11i 
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: O11 

: 110 62 39 62 30 
: 101 on 

: 111 35 29 35 20 
: 110 92 46 92 37 
: 201 51 55 15 §2 4 
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Total number of measurements, 387. 
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The cesium nickel salt crystallises very similarly to the cesium 
salts of the series containing as the second metal magnesium, zinc, 
iron, and manganese, the basal plane c{001} being only narrow, 
whilst the clinodome q{011} is so largely developed, and its faces 
frequently so long, as to endow the crystals with a’ prismatic habit. 
In some crops, the prisms thus formed by the faces of the clinodome 
are compact, as in Fig. 22; in others, they are elongated, as repre- 
sented in Fig. 23. The narrow faces of the basal plane were usually 


Fig. 23. 


curved and striated parallel to the edges cq, but most of the crystals 
measured were almost free from this imperfection. The faces of the - 
clinodome were uniformly plane, yielding brilliant, single reflections. 
The ends of the prisms are formed mainly by the faces of the prism 
p{110} and hemipyramid o'{111}, more or less equally developed, 
and both forms gave good single reflections. Together with narrow 
clinopinacoid faces b{010}, these were the only forms usually present, 
the orthodome 7'{201} being generally either absent or very small. 
But upon several of the specially well-developed crystals employed in 
making the measurements, the faces of the latter form were suffi- 
ciently large and brilliant to yield good images of the signal. 

The table on p. 385 represents the results of the measurements. 

In the next table (p. 387), the respective values of the angles of 
the three salts just described are placed side by side for comparison, 
as before in the cases of the salts containing magnesium, zinc, iron, 
and manganese. 

The angular relationships between the three nickel salts follow the 
same rules as were observed to apply in the cases of the salts con- 
taining as the second metal magnesium, zinc, iron, and manganese 
respectively. 

The differences in the axial angle are again approximately equal 
(63’ and 59’), and in the cases of 33 out of the 36 angles compared the 
values for the rubidium salts lie between the corresponding values 
for the potassium and cesium salts. The three exceptions occur in 
the cases of the same angles (bo’, o's’, and pr’) as in the salts pre- 
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Comparison of the Angles of the three Salts containing Nickel. 


Potassium , Rubidium 
salt. s salt. 
:001 = 8 75° +O’ 73° 57’ 
: 101 45 48 45 
: OOL 29 12 28 
: BOL 63 44 64 
: 101 38 33 38 
: 201 25 il 25 
: 100 41 16 41 


: 110 35 29 35 
: 120 19 28 19 
: 010 35 3 35 
: 010 54 31 _— 54 


: 011 25 52 25 
: 010 64 8 “ 64 


: 211 48 59 48 
: O11 27 33 27 
: O11 76 32 75 
: 111 34 46 35 
: 100 68 42 69 


: 111 34 
: 119 42 
: 110 76 
: 111 « 57 
: OOT 45 


: 1 12 70 
: 101 48 19 


: 111 17 65 
: 101 43 24 


: O11 13 37 
: 110 22 87 
: IoI 25 54 


: O11 17 45 
+110 43 63 
: 101 Oo 71 


: [11 43 35 
: 110 1 92 
: 201 16 52 


hiuouw nn 


aueud 


Noll 


viously compared ; the differences in these cases are very small, and 
the same explanation, that they are due to more or less neutralisation 
being produced owing to the change on either side being of opposite 
signs, is applicable to them. 

Once more the maximum deviation from direct proportionality 
occurs in the prism zone, the differences for the angle ap being 12’ 
and 29' respectively, thus bearing the ratio of about 1 : 2°5. 
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The changes in the axial ratios are again very slight, especially 
in the case of the ratio b : c. 


In potassium nickelous sulphate a:b:c¢ = 0°7379: 1: 0°5020 
» rubidium - pa a:b6:c = 0°7350: 1: 0°5022 
a:b:c¢ = 0'7270:1: 0°4984 


» cesium ” ” 


Salts containing Cobalt. 
Potassium Cobaltous Sulphate, K,Co(SO,)2,6H,0. 


The colour of the crystals of this salt varies in different crops from 
ruby-red to reddish-brown. Their faces are usually deeply striated 
and distorted, so that accurate measurement has hitherto been found 
extremely difficult. During the course of this work one crop, how- 
ever, was eventually obtained entirely free from this defect. It con- 
sisted of brownish-red, plane-faced individual crystals of small size 
(ranging from very minute to crystals 3—4 mm. diameter), which 
yielded sharply defifed and very brilliant images of the “ Websky” 
signal, and consequently enabled perfectly trustworthy measurements 
to be obtained. Eight crystals of this crop were completely measured. 
The best-formed zones of two more crystals, selected from two other 
crops for their comparative freedom from distortion, were also 
measured and found to give values confirmatory of those derived 
from the eight crystals of the exceptionally good crop. . 

The following results were obtained from analyses of other 
specimens belonging to the good crop above referred to :— 


0°8505 gram of crystals gave 0°9015 gram of BaSQ,, corresponding 
to 36°39 per cent. of SO;. The calculated percentage of SO, is 
36°61. 

1°3375 gram of crystals, on precipitation of the hydrated oxide by 

pure sodium hydrate and reduction of the ignited oxide to 

metallic cobalt in a current of hydrogen, gave 0°1780 gram of 

metallic cobalt, corresponding to 16°92 per cent. of CoO. The 

calculated percentage of CoO is 17°16. 


Habit: varying from prismatic to tabular. 

Axial angle: 8 = 75° 3’. 

Ratio of axes: a: b: ¢ = 0°7404: 1 : 0°5037. 

Forms observed: a = {100}coPco; ¢ = {O0L}oP; p = {110}ooP; 
p = {120}ooR2; g = {01l} Roo; o = {111}+P; = 
{201} +2Boo. 


The habit of the eight crystals belonging to the excellent crop above 
mentioned is represented in Fig. 24 (p. 390). The predominating 
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forms are, as in the potassium salts previously described, the basal 
plane c{001} and the prism p{110}. The faces of the clinodome 
q{011} and orthodome r'{201} were invariably present, but relatively 
small, and these four forms were usually the only ones developed. 
Upon a few crystals of this crop, however, the faces of the hemi- 
pyramid o'{111} and orthopinacoid a{100} were discovered. The 
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habit of one of the other two crystals measured, typical of the crys. 
tals of several of the. ruby-red crops obtained, is shown in Fig. 25. 
It is characterised by the large relative development of the ortho- 
dome 7'{201}. In other crops, the crystals were reduced to thin 
plates, parallel to the basal plane, owing to the shortening of the 
prism faces. One face of the prismatic form p'{120} was observed 
upon three individual crystals. Although many crystals were 
examined besides those subjected to measurement, no traces of the 
clinopinacoid ){010} were ever observed. 


The results of the measurements are exhibited in the table, p. 389. 

The values of the few measured angles of this salt given by Mur- . 
mann and Rotter (Joc. cit.) differ rather considerably from those given 
above, The axial angle given by these observers is 75° 17’, and the 
ratio of the axes, a: b: ¢ = 0°7327:1:0°4705. They state, how- 
ever, that the values are somewhat uncertain, owing to imperfections 
in the crystals employed. 


Rubidium Cobaltous Sulphate, Rb,Co(SO,)2,6H,0. 


The crystals of rubidium cobaltous sulphate are coloured ruby-red 
or reddish-brown like those of the potassium salt. They also 
resemble those of the latter salt in being usually much striated and 
distorted. Ten crystals were measured, and of these nine were 
selected from two crops which alone, out of the many prepared, 
showed no appreciable distortion. The tenth crystal was chosen 
from one of the other crops, and only the measurements yielded 
by faces free from distortion were accepted. The nine crystals above 
mentioned were particularly perfect, and gave sharply-defined and 
brilliant reflections. ’ 

Analyses of specimens from one of the two good crops .gave the 
following results :— 

0°8690 gram of crystals gave 0'7715 gram of BaSO,, corresponding 

to 30°48 per cent. of SO;. The calculated percentage of SO; is 
30°25. bive 
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0°7220 gram of crystals gave 0°0800 gram of metallic cobalt, corre- 
sponding to 14°09 per cent. of CoO. © The calculated percentage 
of CoO is 14°18, 


Habit: tabular to prismatic. 

Axial angle: 8 = 73° 59’. 

Ratio of axes: a:b: ¢ = 0°7391 :1: 0°5011. 

Forms observed: b = {010}coRco; ¢c = {001}oP; p = {110}ooP; 
p' = {120}ooR2; g = {Oll}Roo; o={lll}—P; oo = 
{111}+P; y = {201} +2Boo ; e= {112}+4P. 


The crystals of this salt varied very considerably in habit in the 
various crops obtained. Sometimes, as portrayed in Fig. 26, the 
faces of the basal plane c{001} are relatively so large and the prism 
faces p{110} so short in the vertical direction as to’ render the 
crystal tabular parallel to c. It frequently happens, however, in 
crystals of this type, that the faces of the clinodome qg{011} are 
relatively much larger, as represented in Fig. 20, in the description 


of rubidium nickelous sulphate. At other times, the crystals assume 
quite a different habit, in which the prism faces are vertically much 
longer, and there is usually a considerable difference in: the relative 
width of adjacent faces of this form, so that, as delineaied in Fig. 27, 
the crystals assume the appearance of an elongated prism whose 
principal faces are those of the basal plane and a pair of ‘faces of the 
prism p. The crystals of these two types are usually reddish-brown, 
and nine of the individuals measured belonged to them. These nine 
crystals exhibited remarkably perfect faces of the prism p, clino- 
dome g, orthodome r’{201}, and hemipyramid o’{111}, all of which 
forms reflected brilliant single images of the signal. The faces of 
the clinopinacoid b{010} were small, but also gave good reflections. 
The faces of the basal plane were slightly distorted, giving in the 
zone [cgb] a sheaf of images close together, the mean of the two 
outside of which afforded a fairly good approximation to the position 
of c. As the q images, however, were so well defined, any doubt as 
2E2 
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to the value of cq disappears on taking the mean of all the values of 
cq obtained. This distortion does not affect the zone [acr’], the ¢ 
images coinciding. The angle cp is but slightly affected, and all 
doubt disappears on taking the mean of all the values of this angle 


No. of 
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Total number of measurements, 507. 
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obtained. In addition to these faces, the primary hemipyramid 
o{111}, the prismatic form p'{120}, and the pyramidal form v{112} 
were occasionally observed. The crystals of many other crops of this 
salt were of the same type as those of potassium cobaltous sulph- 
ate represented in Fig. 25, and were, like those, ruby-red. The 
tenth crystal measured was of this type, and in those cases where the 
measurements were made upon faces unaffected by distortion, the 
values were similar to those yielded by the other nine crystals. The 
crystals of this type are churacterised by the relatively large develop- 
ment of the orthodome 7’, and they very rarely exhibit faces of the 
clinopinacoid b. 
The results of the measurements are set forth in the table, p. 392. 


Cesium Cobaltous Sulphate, Cs,Co(SO,).,6H,0. 


The crystals of cesium cobaltous sulphate are coloured brownish- 
red similarly to the corresponding potassium and rubidium salts. 
Large and apparently well formed crystals are deposited from solu- 
tions containing equal molecular proportions of- the constituent 
simple sulphates, but the faces usually exhibit more or less dis- 
tortion, although not to so great an oxtent as the potassium and 
rubidium salts containing cobalt. Ten crystals from five different 


crops were selected on account of their comparative immunity from 
this defect. 

Analyses of other crystals belonging to one of these crops gave the 
following numbers :— 


0'8725 gram of crystals gave 0°6565 gram of BaSQ,, corresponding 
to 25°83 per cent. of SO;. The calculated percentage of SO, is 
25°60. 

0°6260 gram of crystals gave 0°0585 gram of metallic cobalt, cor- 
responding to 11°88 per cent. of CoO. The calculated per- 
centage of CoO is 12°00. 


Habit: prismatic. 

Axial angle: 8B = 72° 52’. 

Ratio of axes: a: b: ¢ = 0°7270: 1 : 0°4968. 

Forms observed : b = {010}coRco; c = {O01}oP; p = {110}ooP; 
g = {01l}Poo; o' = {111}+P; r' = {201}+2Poo. 


The habit usually assumed by the crystals of cesium cobaltous sulph- 
ate is represented in Fig. 28 (p. 395). In common with the habitual 
outward forms of the other cwsium salts of the series previously 
described, it is characterised by the large relative development of the 
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faces of the clinodome q{011} and the consequent narrowing of those 
of the basal plane c{001}. Owing to the elongation of the faces of 
the zone [cqb], the crystals take the form of prisms, usually about one 
and a half times to twice as long as broad. The crystals of this cesium 
salt are distinguished from those of the other cesium salts of the 
series yet described in the largely preponderating development among 


No. of Mean 
Angle measured. measure- Limits. observed, C#lculated. Diff. 
ments. ° 

100 : 101 _ _ 44° 20’ 

101 : 001 — 28 32 

100 : 001 _ 72 52 
001 : 101 — 15 
101 : 201 — 9 
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201 : 100 = 


100 : 110 
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the end faces of the orthodome 7' {201}, the faces of the prism p{110} 
and hemipyramid o'{111} being rarely more prominent than is repre- 
sented in the figure, the prism faces p being particularly small and 
not unfrequently scarcely visible. The clinopinacoid b{010} is only 
occasionally deveioped, by far the greater number of crystals examined 
showing either no sign of it or only mere traces. 


Fie. 28. 


The table, p. 394, represents the results of the measurements. 

Having now described the three salts containing cobalt as the 
second metal, a table, in which the three respective values of the 
various angles are arranged side by side, is appended (p. 396) in order 
to permit of their ready comparison. 

lt is remarkable how similar in their nature and magnitude are 
the differences presented by each set of three salts. Here again in 
the case of the cobalt salts the value of the axial angle in the one 
containing rubidium is midway between the values in those contain- 
ing potassium and cesium, the differences being 66’ and 67’, thus 
following the rule of simple direct proportion to the change in 
atomic weight observed with respect to the axial angle in the sets of 
three salts previously discussed. 

Moreover, as also found with regard to the salts before described, 
the rule that the values of all the angles of the rubidium salt lie 
somewhere between those of the potassium and the cesium salts 
again applies in 33 out of the 36 angles compared ; also, the three 
exceptions are identical with those previously described, namely, the 
angles bo', o's’, and pr’, and are cases where the change is practically 
nil, owing to the changes in the zones or angles upon opposite 
sides of them being in opposite directions. 

Again, the maximum deviation from direct simple proportionality 
occurs in the angles of the prism zone, the differences of the angle ap 
being 16’ and 33’ or approximately in the ratio | : 2. 

The changes in the axial ratios are again of the same slight order, 
but it will be remarked that those of the rubidium salt lie between 
those of the potassium and cesium salts. 
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For potassium cobaltous sulphate a:b: c = 0°7404: 1 : 0°5037 
' a:b6:¢=0°7391:1:05011 
a:b:¢= 07270: 1: 04968 


» rubidium 99 
» cesium ” 


” 
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Comparison of the Angles of the three Salts containing Cobalt. 


Potassium 
salt. 
75° «#8 
45 53 
29 12 
63 38 
38 29 
25 9 
41 17 
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Salts containing Copper. 
Potassium Copper Sulphate, K,Cu(SO,)2,6H,0. 


The crystals of potassium copper sulphate are of a light greenish- 
blue. The most perfect crystals, formed by slow evaporation of solu- 


Cesium 
salt. 
72° 52’ 
44 20 
28 32 
65 24 
39 15 
26 9 
41 44 


34 48 
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35 44 
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65 17 
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tions containing the two constituent sulphates in equal molecular 
proportions, are clear and transparent, but somewhat difficult to 
obtain, and rarely attain any considerable size without losing their 
perfection. Crystals more quickly grown are more or less turbid and 
semi-opaque, and the faces dull. Ten exceptionally well formed 
crystals were measured, selected from three different crops. 
Estimations of the sulphuric acid and copper contained in other 
crystals of one of these three crops afforded the following numbers :— 


0°8770 gram of crystals gave 0°9110 gram of BaSO,, corresponding 
to 35°67 per cent. of SO;. The calculated percentage of SO; is 
36°28. 

0°8613 gram of crystals gave 0°1525 gram of CuO, corresponding 
to 17°76 per cent. of CuO. The calculated percentage of CuO is 
17°91. 


It will be observed that the amount of SO; found is 0°6 per cent. 
too low. A second estimation gave an almost identical result. This 
is the only case of the kind which has been met with among the 
whole of the 22 salts investigated, and would appear to be connected 
with the difficulty experienced in obtaining transparent crystals of 
this salt, for most of the crystals taken to make up the amount re- 
quired for the analysis were more or less opaque. Indeed, of all the 
six potassium salts of the series, the potassium copper salt has been 
by far the most difficult to obtain in suitable crystals. It will be 
afterwards shown that the rubidium salt and particularly the cesium 
salt containing copper as the second metal are much more readily 
formed in good crystals, which give practically theoretical numbers 
on analysis. It is improbable, however, that the slight discrepancy 
in the content of SO, observed in the case of the potassium salt will 
have any appreciable effect on the geometrical form of the crystals. 
For, as the simple sulphates of potassium and copper employed in 
preparing the salt were pure, the cause of this slight discrepancy can- 
not be the presence of any other salt crystallising isomorphically with 
it, but is more likely to be due to a minute quantity of foreign 
matter mechanically included, possibly traces of a salt containing a 
different number of molecules of water, which produces the turbidity, 
but which has no influence whatever on the angles of the crystals. 


Habit: more or less tabular. 

Axial angle B = 75° 32’. 

Ratio of axes: a: 6 : c= 0°7490: 1 : 0°5088. 

Forms observed : a = {100}coPco; b = {010}coRco; ¢ = {001 }oP ; 
P= {1l0}coP; p’ = {120} coR2; p'”’= {130} coR3 ; g = {011} Poo; 
o' = {111}+P; n' = {121} +2R2; vr’ = {201}+2Boo. 


398 TUTTON: ATOMIC WEIGHT OF CONTAINED METALS 


The usual habit of the crystals of potassium copper sulphate is 
delineated in Fig. 29.. It will be observed to follow the rule of the 
potassium salts of the series in exhibiting a relatively largely 
developed basal plane c{001}, parallel to which faces the crystals are 
usually more or less tabular, according to the comparative vertical 
height of the faces of the prism p{110}. Upon the crystals chosen 
for measurement, the short but wide faces of the latter form were 
uniformly brilliant, and gave irreproachable single images of the signal. 
The faces of the basal plane were generally deeply grooved, parallel to 
the trace of the symmetry plane; but this curious grooving did not 
interfere with the definition of the reflections. The faces of the clino- 
dome q{011}, however, which have, as a rule, been found so well 
formed and bright in the other salts of the series, were very poor upon 
most of the large number of crystals examined; in some crops they 
were so small (carrying the characteristic of the potassium salt to an 
extreme) and dull as to afford no definite images. Occasionally crystals 
were found which did exhibit good clinodome faces, and several of the 
crystals measured were chosen on this account. In these somewhat 
rare cases, good single images were obtained. 


‘The faces of the orthodome r’{201} and of the hemipyramid o'{111} 
were likewise small in comparison with those of the prism and basal 
plane; but the images were fairly good in the crystals measured. 
The chief characteristic, however, of this salt is the comparatively 
large and perfect development of the hemipyramid n'{121}, which was 
almost always present, and its faces frequently the largest and most 
brilliant after those of the basal plane and primary prism. The faces of 
the prismatic form p'{120} were always found more or less developed, 
and yielded good reflections. In addition to this prismatic form, 
another, p’’{130}, was observed upon one crystal. Of the two 
pinacoids, the clinopinacoid b{010} was usually observed, but the 
orthopinacoid a{100} was only developed upon two of the crystals 
measured, 

The results of the measurements are tabulated on p. 399. 

The previous measurements of the crystals of this salt are quite 
untrustworthy. Brooke appears to have made measurements of four 
angles (v. Rammelsberg, Kryst. Phys. Chemie), but the values ascribed 
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No. of Mean j 
Angle measured. measure- Limits. cneed. Calculated. Diff. 
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Total number of measurements, 232. 


to them are so different from the extreme limits of the values given 
above, and so out of keeping with those of the ammonium sali as 
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determined by Miller, that grave doubts must be entertained concern- 
ing the purity of the salt measured by Brooke. The axial angle he 
gives as 71° 56’, and the ratio of the axes as a: b: c = 0°7701 : 1 : 0°4932, 
values utterly at variance with those now given. The untrustworthi- 
ness of these few older values is rendered very probable indeed, when 
they are compared with Miller’s angles for ammonium copper sulphate. 
From the most trustworthy measurements made of the ammonium salts 
of this series, the value of the axial angle in these salts would appear 
to be about 2° lower than in the corresponding potassium salts of the 
series, and curiously enough almost identical with the values of the 
analogous cesium salts given in this communication. Now, Miller’s 
value of 8 for ammonium copper sulphate is 73° 54’, almost identical 
with the value of 8 (73° 50') found by the author for cesium copper 
sulphate. It would be expected, therefore, that the value of f in 
potassium copper sulphate would be over 753°, which the author finds 
to be the case, namely, 75° 32’, It is evident, therefore, that Brooke’s 
value, 71° 56’, is altogether erroneous. 


Rubidiwm Copper Sulphate, Rb,Cu(SO,)2,6H,0. 


Rubidium copper sulphate is more readily obtained in crystals 
possessing bright faces than its potassium analogue; they are pale 


greenish-blue, like those of the latter salt. Eleven crystals were 
measured, selected from three different crops. Of these, nine belonged 
to a specially well-developed crop, the crystals of which were par- 
ticularly brilliant and free from distortion. All the other crops obtained 
were more or less affected by distortion, and the two remaining 
crystals employed were only measured along certain zones in which 
the distortion was insignificant. The values obtained from these two 
crystals were similar to those observed upon the nine excellent 
crystals of the crop previously referred to. 

Estimations of the content of sulphuric acid and copper in one of 
these crops yielded the following results :— 


07780 gram of crystals gave 0°6800 gram of BaSQ,, corresponding 
to 30°01 per cent. of SO;. The calculated percentage of SO, is 
30°02. 

0°6395 gram of crystals gave 0°0955 gram of CuO, corresponding 
to 14°93 per cent. of CuO. The calculated percentage of CuO is 
14°82. 


Habit: tabular to short prismatic. 
Axial angle: 8 = 74° 42’. 
Ratio of axes: a: b : c = 0°7490 : 1: 0°5029. 
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Forms observed : a = {100}coPco; b = {010}coRco; c = {001 }oP; 
p = {1l0}coP; p’= {120} coPR2; p'” = {130 }coR3 ; g = {011} Poo; 
m = {021}2Pco; o= {111}—P; o' = {111} +P; n={121}—2R2; 
r = {201}—2Boo; r' = {201} +2Poo. 

As will be seen from the list of forms given above, the crystals of 
rubidium copper sulphate are particularly rich in faces. Moreover, 
several of the rarer forms frequently attain considerable size, as repre- 
sented in Fig. 30. The disposition of the more commonly occurring 
forms is that more or less characteristic of the other rubidium salts 
of the series, the most peculiar feature observed being the occasional 
relatively large development of the clinopinacoid b{010}. The basal 
plane c{001} may, perhaps, be considered as the predominating form, 
the crystals of some crops being tabular parallel to it, but it is fre- 
quently equalled in size in other crops by the prism faces, the crystals 
then assuming a short prismatic habit. 

The clinodome g{011} is likewise an important form, as in the other 
rubidium salts of the series, and the images of the signal yielded by it 
were particularly brilliant and well defined, quite different in this 


respect from those afforded by the corresponding faces upon the 
crystals of potassium copper sulphate. The faces of the rarer form 
m{021} were frequently as relatively large as shown in the figure, 
and occasionally still more prominent. The orthodome 7r'{201} is 
usually somewhat small, but bright and plane. 

For the first time in the course of this work, the complementary 
ofthodome r{201} was found developed upon one crystal, of about the 
relative size indicated in the figure. The primary hemipyramid 
o{111} is frequently as largely developed as the more commonly 
occurring complementary form o'{111}, both forms yielding trust- 
worthy reflections. The prismatic forms p'{120} and p'’{130} 
were both found well formed upon a few crystals, and their faces 
reflected bright images of the signal. The orthopinacoid a{100} and 
the hemipyramid n{121} were likewise observed developed upon one 
crystal to about the extent shown in the figure. 

The following table exhibits the results of the measurements :— 
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No. of 


Angle measured. measure- 
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: 201 
: 001 
: 101 
: OOL 
: 0O1 
: IOl 
: 201 
: 201 
: 100 
: 110 
: 120 
: 010 
: 130 
: 010 
: 010 
: 110 
: 110 


: O11 
: 021 
: OLO 
: 010 
: O11 


: 111 
: 011 
: O11 
: Ill 
: 100 


: 111 
: 110 
: 110 
:111 
: OOT 
:121 
: 111 
: 111 
: 101 


: Ill 
: IO 
: Ifl 


: O11 
: Ilo 
: IOI 


: O11 
: 121 
: 110 
: 110 
: 101 


: 111 
: O21 
: 110 
:110 
: 201 


ments. 


35 
19 
34 
9 
24 
54 
71 
108 


25 

, 18 
45 
63 
128 


oalmleol S€owoS SeBanwwonn ma] | es 


27 
34 


36 


34 


55 
92 
52 


Limits. 


§1— 
17 — 
23 — 
46 — 
41 — 
—_ 
37 — 


35 
19 
34 
10 
24 
54 
71 


9 —108 
43 — 26 


15 — 
45 — 
58 — 


18 
45 
64 


4—128 


g— 


22 — 


18— 
Bion 
35 — 


11— 


42 — 


27 


36 
63 


35 
55 


92 
52 


63° 18’— 63° 43’ 


54 
41 
55 

+ 
51 
13 
55 
20 


0 
21 
51 
13 
30 


9 
32 


36 
20 
4h 

7 
58 


29 


2 


51 , 


28 
57 


Mean 
observed. 


30° 53’ 
43 35 
74 34 


32. 


56 


26 34 
36 48 
63 23 
34 51 
36 31 
55 48 
92 20 
52 49 


Total number of measurements, 426. 


Calculated. 


30° 59’ 


43 
45 
28 
74 
38 
25 
63 
41 
35 
19 
34 

9 
24 


43 
53 
49 
42 
12 
18 
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Cesium Copper Sulphate, Cs,Cu(SO,)2,6H20. 


Cesium copper sulphate is readily obtained in perfectly trans- 
parent pale greenish-blue crystals, exhibiting very brilliant faces. 
It is one of the most beautiful salts of the series, and individuals 
may be grown of large size without any diminution of clearness and 
brilliance. They appear, at first sight, to resemble octahedral 
pyramids, modified by numerous smaller faces. Ten crystals were 
measured, selected from six different crops. Analyses of other 
crystals belonging to one of these crops gave the annexed results :— 


0'8442 gram of crystals gave 0°6300 gram of BaSQ,, corresponding 
to 25°62 per cent. of SO;. The calculated percentage of SO, is 
25°42. 

0°6430 gram of crystals gave 0°0795 gram of CuO, corresponding 
to 12°37 per cent. of CuO. The calculated percentage of CuO is 
12°56. 


Habit : more or less pyramidal. 

Axial angle: 8 = 73° 50. 

Ratio of axes: a:b: c = 0°7429: 1 : 4946. 

Forms observed: b = {010}coRco; c= {00l}oP; p = {110}ooP; 
p'={120}coR2; p”™ = {130}coR3; g = {011}Boo; o= {LI1}—P; 


o' = {111} +P; r= {201}—2Poo; r’ = {201} +2Poo. 


The usual habit of the crystals of cesium copper sulphate is repre- 
sented in Fig. 31. The predominating faces are those of the prism 
p{ 110} and clinodome g{011}, the relative proportions of which vary 
somewhat in the different crops, sometimes one and sometimes the 
other being the larger; it frequently happens, however, that they are 
equally developed, the crystals then assuming an octahedral pyramidal 
appearance. The clinopinacoid b{010} is absent, except in very rare 
cases, in which it is just sufficiently developed to reflect an image of 
the signal. Hence the pyramids either terminate in sharp points or, 
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No. of ae Mean 
Angle measured. measure- Limits. observed. 
ments. 


Calculated. Diff. 


30° 49° 
43 1 6’ 
45 29 - 
28 21 
73 50 
38 «9 
25 41 
63 50 
42 20 


35 30 
19 28 
35 2 

59 


ee | 


| 


13 — 65 
12— 49 


tout 


15 — 87 


62 52— 63 


19 34 49— 35 10 3501 
21 91 54—92 8 92 3 
29 52 46— 53 18 52 57 


Total number of measurements, 361. 


when the prism faces are vertically longer, in short, sharp edges: 
The basal plane c{001}, as in all the other cesium salts of the series, 
is usually narrow, not unfrequently a mere line. The faces of the 
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orthodome r’{201} and of the hemipyramid o'{111} are generally pre- 
sent to somewhere about the extent shown in the figure. Many 
crystals exhibit no other faces than those above mentioned. Occasion- 
ally, however, the faces of the complementary orthodome r{201} and 
the primary hemipyramid o{111} are developed, forming three 
beautiful little faces, modifying the solid angle formed by the faces 
of the prism, basal plane, and clinodome, The two prismatic forms 
p {120} and p’”’{130}, bevelling the terminations of the pyramids, 
are only of rare occurrence, and never attain large proportions. 

The results of the measurements are presented in the table, 
p. 404. 

As before in the cases of the other sets of three salts, a comparison 
will now be made of the values of the analogous angles in the three 
salts of copper containing as the alkali metal potassium, rubidium, 
and cwsium, respectively (see table, p. 406). 

As might be expected from the somewhat different nature of 
copper, the crystals of the three salts above compared, containing 
that metal, exhibit differences of a somewhat different order from 
those presented by the other sets of three salts compared. The 
influence of the second metal here makes itself appreciably felt 
in altering the absolute values of the angles and the absolute magni- 
tudes of the differences between analogous angles. But, which is a 
point of the first importance, and indicates that the relative nature 
of the differences observed in the other sets of salts is not accidental, 
the relations of the differences established for the potassium, rubidium, 
and cesium salts of the series containing other second metals apply with 
even greater rigour to those containing copper as the second metal. 

Thus, although the influence of the second metal is apparent in 
reducing the absolute magnitudes of the differences in the axial 
angle from about 70’ (as found in the other salts) to about 50’, the 
relative magnitudes of those differences (50' and 52’) are again pro- 
portional to the relative changes of atomic weight in passing from 
potassium to rubidium (a change of 46), and from rubidium to 
cesium (a change of 48). The law of simple proportionality is thus 
seen to apply with the utmost rigour in the case of the axial angles 
of the three salts containing copper. 

Again, out of 38 angles compared, 37 follow the rule that the 
values in the case of the rubidium salt lie between those of the 
corresponding angles upon the crystals of the potassium and cesium 
salts. The only exception occurs in the case of the angle go’, where 
the differences of —6’ and +4’ are very small, and the change is 
practically nil, owing to the large changes of about 50’ magnitude in 
the adjacent angles aq and o'a being in opposite directions. 

Moreover, the maximum deviation from direct simple penpentioine 
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Comparison of the Angles of the three Salts containing Copper. 


Potassium , Rubidium 

Angle. salt. ; salt. 
75° 32’ 42’ 
46 11 53 
29 21 49 
63 30 
38 12 
24 18 
41 


35 
19 


unbound 


3 
30 
24 
36 
36 
50 
26 
28 
6 
55 
59 
54 
+ 
22 
34 
26 
22 
38 
21 
27 
12 
4h 


—29 
70 +45 37 


34 +10 ' 58 
92 _ 17 
52 +22 50 


— 
ao 


or 
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ality to the change in atomic weight occurs as before in the angles of 
the prism zone, where the ratio of the differences is 1:3. Its 
noticeable, however, that the absolute amounts of the differences 
between the values of the angle ap (7' and 22’) are much less in the 
copper salts than in the sets of three salts previously com 

although their ratio is the same as was observed in the magnesium 
salts, where the actual differences were 12’ and 36’. Further, the 
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absolute differences between the values of the angle cq, in the zone 
inclined nearly equally to both the zone [acr'] containing the axial 
angle and the prism zone [apb], are correspondingly larger in the 
three copper salts than in the other sets of three salts, being 17' and 
30', but the ratio is about the same as in the iron salts, where the 
actual differences were found to be 13’ and 22’. 

Hence the individuality of the second metal, in this case copper, 
only affects the absolute magnitudes of the differences, their relative 
magnitudes following precisely the same rules as were found to apply 
in the cases of all the other sets of potassium, rubidium, and cesium 
salts described. 

The axial ratios of the three salts containing copper bear similar 
relationships to those before observed, lying very close together, 
owing to the balancing of the angular changes previously dis- 
cussed. 
0°7490 : 1 : 0°5088 
0°7490 : 1 : 0°5029 
0°7429 : 1 : 04946 


For potassium copper sulphate.. a:b: 
» rubidium , = eo @283 
» cesium ™ " a:b: 


Salts containing Cadmium. 


As previously explained in the introductory paragraph, entitled 


“The Salts of the Series investigated,” attempts to prepare the salt 
K,Cd(SO,)2,6H,O have so far proved unavailing. 


Rubidium Cadmium Sulphate, Rb,Cd(SO,).,6H20. 


More difficulty has been found in obtaining good crystals of 
rabidium cadmium sulphate than in the case of any other of the salts 
described in this communication. They so rapidly effloresce that the 
faces only retain their brilliancy for a short time after removal from 
the mother liquor, and the whole of the crystal rapidly becomes 
opaque. Three crops, however, of fairly well developed individual 
crystals were eventually obtained, and 10 crystals selected from 
them were measured as soon after removal from the mother liquor as 
possible. 

Estimations of their content of sulphuric acid and cadmium gave 
the following numbers :— 


10980 gram of crystals gave 0°8785 gram of BaSQ,, corresponding 
to 27°47 per cent. of SO;. The calculated percentage of SO; is 
27°49, 

08570 gram of crystals gave 0°1860 gram of CdO, corresponding 
-- _ per cent. of CdO. The calculated percentage of CdO is 

2Fr2 
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Habit: more or less tabular. 

Axial angle: 6 = 74° 7’. 

Ratio of axes: a:b:c¢ = 0°7346: 1: 0°4931. 

Forms observed: a = {100}coPoo; b = {010}coRco; c = {001 }oP; 
Pp = {1l0}ooP; p’ = {120}cooR2; p” = {210}ooP2; p'” = 
{130}ooR3; g = {O11}Roo; o = {111}—P; o' = {I11}+P; 
y= {201} + 2Poo. 


The crystals of the three crops examined differed considerably in 
habit. Those of the first crop were of the type represented in 
Fig. 32, in which the principal faces, those of the basal plane c{001}, 
clinodome q{011l}, primary prism p{110}, orthodome 7'{201}, and 
hemipyramid o'{111}, were more or less equally developed. Those of 
the second crop were similar to the crystal of rubidium nickel sulphate 
represented in Fig. 20, in which the basal plane and primary prism 
predominated. The crystals of the third crop, a typical one of which 
is delineated in Fig. 33, were peculiar in exhibiting a relatively very 
large development of the orthodome 7’, so large indeed as to impart 
to the crystals a tabular habit formed by the faces of that form. The 


Fie. 32. 


only other prominent planes were those of the hemipyramid o’, which 
were frequently of exceptionally large dimensions for this form, and 
to a less extent those of the basal plane c, primary prism p, and 
clinodome g. The two last forms were usually relatively so small 
that it was not at all unusual for some of the faces to be absent 
altogether. 

In all these types of crystals, the faces of the remaining forms 
were generally small, but occasionally the prisms p’{120} and p'"{130}, 
and the primary hemipyramid o{111}, were well developed, and gave 


excellent reflections. 
The appended table exhibits the results of the measurements :— 
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No. of 
Angle measured. measure- 
ments. 
100 : 101 
101 : OO1 
100 : OOL 
001 : 101 
101 : 201 
001 : 201 
301 : 100 
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100 : 210 
210: 110 
100 : 110 
110 : 120 
120 : 010 
120 : 130 
130 : 010 
110 : 010 
110: 110 
110; I10 


001 : O11 
011 : 010 
O11 : OLI 


100: 111 
111: O11 
100 : O11 45 — 75 
O11 : 111 17 — 35 
111 : 100 14— 69 


001 : 111 10— 34 
111: 110 2 50— 42 
001 : 110 0— 77 
110: 111 12— 58 
111 : OOI p 53 — 44 


010: 30— 70 
lll: — 
lll: 2 é 42 — 38 


010 : 15 — 65 
Ill : - 
Ill : 58 — 49 


101: aiaa 
Oll: i 14— 87 
110: ine 


101 : — : 


Oll: 63 O— 63 27 
110; ame aes 
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201 18 34 29— 35 13 34 59 
Ill: 19 92 16— 92 58 92 30 
110: 25 52 23— 52 48 52 31 


Total number of measurements, 398, 
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Cesium Cadmium Sulphate, Cs,Cd(SO,)2,6H,0. 


Cesium cadmium sulphate crystallises much more readily than 
rubidium cadmium sulphate from solutions containing equal mole. 
cular proportions of the constituent sulphates. The crystals, 
moreover, are more perfectly transparent and more permanent than 
those of the rubidium salt. They do, however, eventually effloresce 
and become opaque if not preserved in tightly stoppered bottles, 
Ten crystals were measured, selected from three different crops. 

Analyses of other crystals belonging to one of these crops gave 
the following results :— 


0°9300 gram of crystals gave 0°6450 gram of BaSQ,, corresponding 
to 23°81 per cent. of SO;. The calculated percentage of SO, is 
23°60. 

10195 gram of crystals gave 0°1900 gram of CdO, corresponding 
to 18°64 per cent. of CdO. The calculated percentage of Cd0 


is 18°88. 


Habit: prismatic. 

Axial angle : B = 72° 49’. 

Ratio of axes: a: b: ¢ = 0°7259: 1: 0°4906. 

Forms observed: a = {100}coPco; b = {010 }ooRco; c= {001 }oP; 


p = {ll0}ooP; p’ = {120}cooR2; p” = {210}coP2; p'” = 
{130 }coR3 ; ¢ = {011}Roo; m = {021}2Poo; 0 = {11l}-—P; 
o = {111}+P; n = {121}—2P2; vr’ = {201} +2Boo. 


Fie. 34. Fie. 35. 


The habit usually assumed by the crystals of the various crops 
examined is that shown in Fig. 34. They are at once distinguished 
from the crystals of the other double sulphates of the series described 
in the foregoing pages by the comparatively large development of the 
faces of the primary hemipyramid o{111}, and of the prism p’'{120}. 
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No. of 
Angle measured. meusure- Limits. Calculated, Diff. 
ments. ’ 
— 44° 31’ 
28 18 
72 49 
38 54 
26 11 
65 
42 


19 
15 
34 
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1 
5 
0 
1 
0 
2 
6 
0 
0 
7 
5 
O 
0 
1 
2 
6 
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2 
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4 
3 
3 
4 
1 
1 
3 
1 


34 27 35 16 
36 49 
55 25 
92 36 92 20 
52 12— 52 35 52 24 


Total number of measurements, 525. 
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The faces of the basal plane often attain the breadth indicated in the 
figure, but equally often are much narrower, as in all the other cesium 
salts of the series. The faces of the clinodome q{011} are always 
largely developed, and frequently predominate. The faces of the two 
prisms p{110} and p’{120} are generally about equally developed; 
indeed it is not at all unusual to find the p’ faces considerably larger 
than those of the primary prism p. The clinopinacoid b{010} is also, 
as a rule, well developed, and, as represented in the figure, the whole 
of the faces of the zone [bgc] are frequently somewhat elongated, 
imparting to the crystals their prismatic habit. The orthodome 
r'{201} likewise usually attains considerable importance. All these 
faces gave, with few exceptions, excellent reflections. The faces of 
the hemipyramid o'{111} were developed ordinarily to nearly the 
same extent as those of the primary hemipyramid o{111}, but the 
reflections were rarely equal to those afforded by the latter form, 
owing to roughness, dulnéss, or distortion. The remaining forms, the 
two prisms p"{210} and p’”{130}, the orthopinacoid a{100}, the clino- 
dome m{021}, and the hemipyramid n{121}, are only of rare occur- 
rence, and in the cases observed were very small. 

Occasionally crystals are found in which the faces of the prism 
zone are so elongated as to confer a prismatic habit upon the crystals . 
in this direction. A drawing of one such crystal, one of the 10 
particularly good crystals measured, is reproduced in Fig. 35. 

The table, p. 411, represents the results of the measurements. 

A comparison will now be made of the values of corresponding 
angles in the rubidium and cesium salts containing cadmium as the 
second metal (see table, p. 413). 

On comparing the differences shown in the above table with those 
between the other rubidium and cesium salts previously described, 
they are found to be very similar to those between rubidium zinc 
sulphate and cesium zinc sulphate, although a little higher in abso- 
lute magnitude, owing possibly to the much higher atomic weight of 
cadmium. /They are all of the same sign and order. It is evident, 
too, that the angles bo’ and o's’ exhibit no appreciable change, as 
observed in all the other tables of comparison for the other salts, 
except those containing copper. 

There is, in fact, every reason to believe that if the double sulphate 
of potassium and cadmium containing 6 mols. H,O could only be 
obtained, the differences between the three salts would follow the rules 
which have been found generally applicable throughout the series. 

The axial ratios differ slightly in the same direction, and to about 
the extent observed in the cases of the other rubidium and cesium 
salts of the series. 
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For rubidium cadmium sulphate a:b:c = 0°7346:1: 04931 
>» cesium - - a:b:c¢ = 07259: 1: 0°4906 


Comparison of the Angles of the Salts containing Cadmium, 


Angle. Rubidium Dif. Cesium 
100 : 001 = B —78’ 

100 : 101 -—58 

101 : 001 -- 

001 : 201 +69 

001 : 101 — 

T01 : 301 +37 

301 : 100 


100 : 210 
210:110 
100 : 110 
110 : 120 
120 : 010 
120 : 130 
130 : 010 
110 : 010 


001 : O11 
011 : 010 


100: 111 
111: 011 
100 : O11 
011 : Ill 
T11 : 100 


001 : 
lll: 
O01 : 
110: 
111: 


010 : 
lll: 


010: 
Ill: 


101 : 
Oll: 
T10: 


101 : 
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110: 
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Ill: 
110: 2 
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Discussion of Results. 


The conclusions to be drawn from the facts presented in the fore- 
going pages may conveniently be considered in sections. 
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1. Relative Facility of Formation of the Salts of the Series containing 
Potassium, Rubidium, and Cesium respectively—Cesium has been 
found throughout to form the double sulphates containing 6 mols. 
H,0 with the greatest readiness ; special evidence of this is afforded 
by the salts containing cobalt, copper, manganese, and cadmium as 
the second metal. Of those containing cobalt, great difficulty was 
experienced in obtaining well-formed crystals of the potassium salt, 
and considerable, though less, trouble was required to obtain crystals 
of rubidium cobaltous sulphate sufficiently free from distortion, whilst 
large and much better formed crystals of the cesium salt were depo- 
sited under the same conditions. Similar remarks apply even more 
strongly to the three salts containing copper, and it was specially 
noticed that whilst the crystals of potassium copper sulphate, so 
very difficult to obtain of any use for goniometrical purposes, were 
usually quite turbid, or,even opaque, those of the analogous cesium 
salts were not only obtained with the greatest facility, but were 
always beautifully clear and transparent. This point is shown even 
more conclusively by the failure up to the present to prepare crystals 
of potassium manganous sulphate and potassium cadmium sulphate 
containing 6 mols. H,O. Moreover, the intermediate position of the 
rubidium salts with respect to facility of formation is again indicated: 
by the fact that whilst crystals of cesium cadmium sulphate are 
readily obtained, and are quite clear and transparent, the corre- 
sponding rubidium salt usually forms crystals which are more or less 
turbid, and effloresce rapidly on removal from the mother liquor. It 
may therefore be stated that :— 

The salts of the series R,M(SO,)2,6H,O containing cesium as the 
alkali metal exhibit the greatest facility of formation and deposition in 
the form of crystals, and those containing potassium least, whilst the 
salts containing rubidium oocupy an intermediate position in this 
respect. 

2. Relations between the “ Habits” of the Potassium, Rubidium, and 
Cesium Salis—It is a somewhat striking fact that, although the 
whole of the 22 salts investigated, crystallising isomorphically in the 
monoclinic system, exhibit more or less of the same planes inclined to 
each other at angles which differ at most by 24°, yet each individual 
salt is characterised by some peculiarity of habit, or by the advent of 
certain rarely occurring forms, which distinguishes it from all the 
others. This will be at once apparent on inspection of the repro- 
ductions of the drawings representing typical crystals of the various 
salts, no two of which are alike. 

Although this is the case, however, there isa very marked similarity 
in the relative development of the more commonly occurring planes 
between the crystals of all the salts containing potassiym, between all 
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those containing rubidium, and between all those containing cesium: 
This is particularly well shown with regard to the relative develop- 
ment of the end forms. In the potassium salts, the basal plane c{001} 
is always the predominating end face, the faces of the clinodome 
qi011} being relatively very small. In the rubidium salts, the faces 
of the latter form have usually been found much more largely de- 
veloped, the faces of the basal plane being now curtailéd, but still 
slightly predominating. On the other hand, in the cesium salts, the 
basal plane has been generally found to be reduced to a narrow strip, 
and on many crystals to a mere line, whilst the faces of the clinodome 
have assumed such large relative dimensions as to be largely pre- 
ponderating, and not unfrequently the only faces of this zone at first. 
sight visible. The rubidium salts thus occupy an intermediate position 
with regard to the relative development of the end faces. This interest- 
ing fact has been observed in all the eight sets of salts examined. Itis 
very strikingly shown by the three drawings (Figs. 2, 3, and 4) of 
the potassium, rubidium, and cesium salts containing magnesium ; by 
Figs. 6, 8, and 10, representing typical crystals of the corresponding 
zinc salts; and by Figs. 29, 30, and 31, representing crystals of the 
three salts containing copper. 

The effect of this difference in the relative development of the end 
faces is to completely alter the habits of the three classes of salts. 
The large development of the basal plane in the potassium salts 
causes the crystals to be either tabular parallel to this plane if the 
prism faces are vertically short, or to assume the habit of a stout 
prism with broad flat ends if the prism faces are longer. On the 
other hand, the large preponderance of the faces of the clinodome in 
the cesium salts causes the crystals to assume the habit of prisms 
whose faces are those of the clinodome, and as it usually happens 
that the clinodome faces are also much longer in the direction cq, 
these prisms are frequently twice as long as broad, and their ends 
are formed by (along with other subsidiary forms) the faces of the 
prism p, which themselves are of course the prism faces in the 
potassium salts. 

When the faces of the clinodome are not so long, as in cesium 
copper sulphate, a pyramidal habit is exhibited somewhat resembling 
an octahedron, and quite different from the habit of the potassium 
salts. The rubidium salts always exhibit a habit of an intermediate 
character, sometimes approaching that of the potassium salts, at 
other times more nearly approximating to that of the cesium salts, 
but most frequently about halfway between the two. 

It has, therefore, been established that— 

The crystals of the potassium, rubidium, and cesium salts of the series 
R.M(SO,),,6H20, though bounded by the same common planes, exhibit 
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specific characteristic habits ; the characteristic habit of the crystals of 
the potassium salts is widely different from that exhibited by the crystals 
of the cesium salts, and the habit usually assumed by the crystals of the 
rubidium salts is intermediate between the two. The relations between the 
characteristic habits of the potassium, rubidium, and cesium salts respec- 
tively are thus fownd to be directly dependent on the relations between the 
atomic weights of the alkali metals. 

3. Relations between the Magnitudes of the Axial Angle B in the 
Potassium, Rubidium, and Cesium Salts—One of the most striking 
results of the present investigation is the simple relation which has 
been shown to exist in every case between the differences in the 
magnitudes of this fundamental angle for the potassium, rubidium, 
and cesium salts respectively, and the differences in the atomic 
weights of the three alkali metals. These differences in the magni- 
tudes.of the axial angle may now be summarised in the following 


table :-— 


Value of 8 Value of 8 Value of B 
Second metal for potassium Difference.| for rubidium | Difference.| for cesium 
present. salt. | salt. 


Magnesium..| 75° 12’ | =" F 72°? 54’ 
pS arene 75 12 72 59 
FOOD cccccce 75 28 | y 73 «68 
Manganese .. _- 72 «53 
75 0 72 658 
75 5 — 66 72 52 
75 «632 — 50 73 ©6050 
Cadmium ... — _ 72 49 


In every set of three salts, the value of 8 for the rubidium salt 
stands approximately midway between the values for the potas- 
sium and cesium salts, the differences on either side being about 
equal. That this is not a fortuitous circumstance, repeated in the 
magnesium, zinc, iron, nickel, and cobalt salts because of the small 
effect of these second metals in altering the crystallographic form, is 
rendered most probable by the fact that in the three copper salts, 
where, owing to the different nature of the metal copper, the 
differences are smaller and the absolute values considerably different, 
the same relation is preserved between the differences, which are 
again approximately equal. There can also be little doubt that if 
the potassium salts containing as the second metals manganese and 
cadmium could be prepared, the differences would follow the same 


rule. 
It will be remembered that the difference between the atomic 
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weights of potassium (39) and rubidium (85) is 46, and that the 
difference between the atomic weights of rubidium and cesium (133) 
is 48, or, in other words, that the differences between the atomic 
weights are approximately equal; and also that the real angles 
between the vertical and inclined axes are the supplements of the 
goniometrical angles above given (as explained in the comparison of 
the magnesium salts) so that the real angles increase from potassium 
to cesium. 

The rules which have been shown to be followed so closely by all 
the sets of salts investigated may now, therefore, be stated in general 
terms applicable to the whole series as follows :-— 

In crystals of the salts of the monoclinic series R,M(SO,)2,6H,0, 
the axial angle B increases with the increase in the atomic weight of the 
alkali metal R contained, and its magnitude in any rubidium salt of the 
series is approximately midway between that in the potassium and that 
in the cesium salt containing the same second metal. 

The differences, therefore, between the magnitudes of the axial angle 
in crystals of this series containing potassiwm, rubidium, or cesium 
respectively as the alkali metal are in direct simple proportion to the 
differences between the atomic weights of these metals. The latter state- 
ment may also be expressed from another point of view as follows :— 

The relative amounts of change brought about in the magnitude of the 
axial angle by replacing the alkali metal potassium by rubidium, and the 
rubidium subsequently by cesium, are approximately in direct simple 
proportion to the relative differences between the atomic weights of the 
metals interchanged. 

These changes in the magnitude of the axial angle on passing from a 
potassium to a rubidium salt, and from a rubidium to a cesium salt, are 
very considerable, usually exceeding a whole degree in each case; they 
are therefore far removed from the widest limits which can possibly be 
assigned to experimental and formational error. 

4, Relations between the other Angles in corresponding Potassium, 
Rubidium, and Cesium Salts——It has been shown in comparing the 
values of the corresponding angles upon the crystals of the potas- 
sium, rubidium, and cwsium salts belonging to each of the eight 
sets, that the magnitudes of the angles of the crystals of the 
rubidium salts lay between those of the corresponding angles upon 
the crystals of the potassium and cesium salts respectively, in all 
those cases where the change was appreciable. 

In the case of the three magnesium salts, of 36 angles compared, 
31 followed the rule. In the cases of the four sets of three salts each, 
containing as the second metals zinc, iron, nickel, and cobalt respec- 
tively, 33 out of the 36 angles followed the rule. And in the case of 

the three salts: containing copper as the second metal, no less than 
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37 out of the 38 angles compared followed the rule. Moreover, in 
the cases of the salts containing as the second metals manganese 
and cadmium, it was demonstrated from the nature of the differences 
between the rubidium and cesium salts investigated, these differences 
being of the same order as those exhibited between the other rubid.- 
iam and cesium salts of the series, that if the potassium salts con. 
taining manganese and cadmium respectively could only be prepared, 
there could be no doubt that the angles of these two sets of salts 
would likewise exhibit the same relationships. 

It has further been amply demonstrated that the very few excep. 
tions occurred in the cases where the change was almost inappreci- 
able, where the differences approached the limits of possible error; 
they were, in fact, shown to be cases in which the angles remained 
more or less constant owing to the changes in the magnitudes of the 
angles on either side of them being in opposite directions. 

The rule may now, therefore, be finally stated in the following 
general terms :— 

The magnitudes of all the angles between the faces of the crystals of the 
salts of the series R,.M(SO,)2,6H,O containing rubidium as the alkali 


metal lie between the magnitudes of the corresponding angles upon the 


crystals of the salts containing potassium and cesium respectively. 

It has been further shown, however, that the rule of direct simple 
proportionality to the relative changes in the atomic weight in 
passing from potassium to rubidium, and from rubidium to cesium, 
which has been found to obtain in the case of the axial angle, does 
not apply to the majority of the other angles. The maximum devia- 
tion from simple proportionality has in each set of salts, there being 
no exception, been found to occur in the angles of the prism zone. 
‘The ratio of the differences for the principal (determinative) angle of 
this zone ap (or its complement bp), between the orthopinacoid and 
primary prism faces, varies in the different sets of salts from 1 : 2 to 
1 : 3, according to the nature of the second metal present. The ratio 
for the three salts containing magnesium is 1 : 3, for those containing 
zinc 1:2, for those containing iron 1: 2°6, for those containing 
nickel 1 : 24, for those containing cobalt 1: 2, and for those con- 
taining copper 1 : 3. 

It has further been observed, as regards each set of salts, that the 
angles of the zones lying nearest to the zone perpendicular to the 
symmetry plane (the zone which contains the axial angle) and 
furthest removed from the prism zone exhibit differences which 
approach most closely to the rule of simple proportionality. Thus 
the differences between the values of the angles cp and ag for the 
potassium and rubidium and for the rubidium and cesium salts are 
always nearly equal, that is, in the proportion of 1:1, whilst the 
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angle cq of the zone [cqb] inclined not far from equally to ‘the zone 
containing the axial angle and to the prism zone exhibits differences 
of an intermediate character, generally about 1 : 1°6. 

These facts may be expressed in the following general statement :— 

The differences between the magnitudes of the angles, other than the 
axial angle, in crystals of the series RzM(SO,)2,6H,O containing potas- 
sium, rubidium, and cesium respectively as the alkali metal are not 
generally in direct simple proportion to the differences between the atomic 
weights of these metals. The maximum deviation from simple propor- 
tionality occurs in the prism zone, where the ratio of the differences 
varies, according to the nature of the second metal present, from 1 : 2 to 
1:3. 

The fact that the differences between the magnitudes of many of the 
angles of the cesium and rubidium salts are so much larger than those 
between the rubidium and potassium salts would appear to indicate that 
as the atomic weight becomes higher it exercises an influence on these 
angles greater than in mere numerical proportion to its increase. This 
influence is most apparent in the angles of the prism zone, and becomes 
less and less evident in the zones approaching more and more nearly to 
the plane of symmetry, until at length, in the case of the axial angle 
lying in the symmetry plane itself, all evidence of it disappears, and the 
differences are then directly proportional to the numerical differences in 
atomic weight. 

5. Comparative Influence of the Alkali Metal and of the Second (Dyad 
or Acting-Dyad) Metal_—The foregoing results will have rendered it 
quite evident that the replacement of one alkali metal by the next 
higher or lower is attended with considerable change in the angular 
magnitudes of the crystals; in the cases of several of the angles, 
such change exceeding a whole degree. On the other hand, it is 
found that the changes brought about by replacing the second 
(dyad) metal are usually so very small as to approach the limits 
of error. Indeed, if we confine our attention to comparing the 
angles of the crystals of those salts which are more strictly compar- 
able, as containing dyad metals belonging as strictly to the same 
family group as do potassium, rubidium, and cesium, the change is 
seen to be almost, and in some cases quite, inappreciable. 

Thus, if we compare the axial angles of the salts containing mag- 
nesium, zinc, and cadmium, belonging to the odd series of the second 
vertical group in the periodic classification of Mendeléeff, we observe 
the following remarkable similarity, and almost identity, in the 
angles :— 
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Second metal. Value of 8 for Value of 8 for Value of 8 for 
present. potassium salt, rubidium salt. cesiura salt. 


75° +12’ 74° (1 72° (54! 
12 74°67 72 59 
74 «7 72 «49 


This similarity is again observed on comparing the salts containing 
nickel and cobalt :— 
0’ 73° 57’ 72° 58’ 
5 73 59 72 «52 


It is quite evident from these comparisons that the influence of the 
second (dyad) metal, so long as our comparisons are made between 
the salts whose second metals are strictly comparable, is inappreci- 
able as far as the axigl angle is concerned, one such dyad metal 
being replaceable by another without materially altering the magni- 
tude of that angle. 

The same observation applies to many of the other angles, and 
even in those zones where the differences brought about by replacing 
one second metal by arother of the same family group are more 
apparent such differences are still very small, and only have the effect 
of slightly modifying the ratio of the differences between the angles 
of the potassium and rubidium salts and the rubidium and cesium 
salts respectively, as described in the last paragraph. They are, in 
fact, so small that in many cases they approach the limits of error. 

A difference, however, is apparent when the dyad metal belongs to 
a different group and is of a different chemical nature. This is most 
noticeable in the isolated case of copper, the absolute magnitudes of 
the angles of the three salts containing this metal differing consider- 
ably, sometimes by a whole degree, from the others of the series. 
Although this is the case, however, it is a most significant fact, which 
goes far to prove that the general rules laid down in the previous 
paragraphs, 3 and 4, are not accidental, that those rules are followed 
with the utmost rigour in the cases of the three salts containing 
copper. 

The above observations lead to the following general conclusions :— 

The alkali metals exert a preponderating influence in determining the 
geometrical form of the crystals of the salts of the series R,M(SO,)2,6H:0, 
the magnitudes of the angles being altered on replacing one alkali metal, 
R, by the next higher or lower to an extent attaining a maximum in 
certain angles of more than a whole degree, whilst the replacement of the 
second (dyad) metal, M, by any other of the same family group 
unattended by any material change in the angular magnitudes. 

6. Relations between the Awial Ratios.—For a reason which was fully 
discussed in paragraph 6 of the comparison of the three salts con- 
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taining magnesium, the axial ratios do not afford information con- 
cerning the change in the geometrical form of the crystals of this 
series of such value as that derived from a comparison of the angles 
themselves. It has been shown that as the angles which deter- 
mine the axial ratios change simultaneously on replacing one alkali 
metal by another, it is only the difference between these simultaneous 
changes which is effective in altering the ratio of the lengths of the 
axes, This difference is sometimes so small that the axial ratio 
remains practically unaltered, and very frequently the differences 
exhibited between the axial ratios are so small that they approach 
the limits of error. 

As a matter of fact, out of the 12 series of axial ratios compared, 
in the sets containing as the second metal magnesium, zinc, iron, 
nickel, cobalt, and copper respectively, nine follow the rule that the 
ratios of the rubidium salts lie between those of the corresponding 
potassium and cesium salts, and in the three exceptions one minute of 
are (an amount within the limits of error) difference in the angle 
from which they were calculated would cause them to follow the rule. 
One point, however, in connection with the ratios of the axes is par- 
ticularly worthy of notice. It has been always found that the ratios 
for corresponding potassium and rubidium salts are nearer together 
than those of the rubidium and cesium salts, a fact which is probably 
connected with the same cause as the phenomenon described in the 
latter portion of the last paragraph but one (paragraph 4). 

The above observations may be summarised as follows :— 

The importance of the axial ratios as indicative of the change of 
geometrical form on replucing one alkali metal in any salt of the series 
R,M(SO,)2,6H,O by another is greatly diminished by the fact that 
simultaneous changes, more or less neutralising each other, occur in the. 
angles which determine them, thus causing the differences to be smail.. 
It is generally observed, however, that in any set of three salts containing 
the same second metal the ratios for the rubidium salt lie between those 
of the potassium and cresium salts, and somewhat nearer to those of the 
potassium salt. The changes in the crystallographical angles themselves 
afford the only complete infurmation concerning ihe change of geometrical 


form. 


Summary of Conclusions, 


1. The salts of the monoclinic series R,M(SO,)2,6H,0 containing 
cesium as the alkali metal exhibit the greatest facility of formation 
and deposition in the form of crystals, and those containing potas- 
sium least; the salts containing rubidium occupy an imtermediate 
position in this respect. 

VOL. LXIII, 24 
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- 2. The crystals of the potassium, rubidium, and cesium salts of 
this series, though bounded by the same common planes, exhibit 
specific characteristic habits; the characteristic habit of the crystals 
of the potassium salts is widely different from that exhibited by the 
crystals of the cesium salts, and the habit usually assumed by the 
crystals of the rubidium salts is intermediate between the two. The 
relations between the characteristic habits of the potassium, rubid- 
ium, and cesium salts respectively, are thus found to be directly 
dependent on the relations between the atomic weighis of the alkali 
metals. 

3. In the crystals of the salts of this series, the axial angle 
increases with the increase in the atomic weight of the alkali metal 
contained, and its magnitude in any rubidium salt of the series is 
“pproximately midway*between that in the potassium and that in the 
cesium salt containing the same second metal. The differences, 
therefore, between the magnitudes of the axial angle in crystals of 
this series containing potassium, rubidium, and cesium respectively 
as the alkali metal are in direct simple proportion to the differences 
between the atomic weights of these metals. 

This last statement may be framed from another point of view as 
follows. The relative amounts of change brought about in the mag- 
nitude of the axial angle by replacing the alkali metal potassium by 
rubidium, and the rubidium subsequently by cesium, are approxi- 
mately in direct simple proportion to the relative differences between 
the atomic weights of the metals interchanged. 

These changes in the magnitude of the axial angle on passing from 
a potassium to a rubidium salt, and from a rubidium to a cesium 
salt, are very considerable, usually exceeding a whole degree in each 
case ; they are therefore far removed from the widest limits which 
can possibly be assigned to experimental and formational error. 

4. The magnitudes of all the angles between the faces of the 
crystals of the salts of this series containing rubidium as the alkali 
metal lie between the magnitudes of the corresponding angles upon 
the crystals of the salts containing potassium and cesium respectively. 

The differences between the magnitudes of the angles, other than 
the axial angle, in crystals of this series containing potassium, rubid- 
ium, and cesium respectively as the alkali metal are not generally 
in direct simple proportion tu the differences between the atomic 
weights of these metals. The maximum deviation from simple pro- 
portionality occurs in the prism zone, where the ratio of the differ- 
ences varies, according to the nature of the second metal present, 
from 1 : 2 to 1. 3. 

The. fact, that. the differences between the magnitudes of many of 
the angles of the cesium and rubidium salts are so much larger than 
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those between the rubidium and potassium salts would appear to 
indicate that, as the atomic weight becomes higher, it exercises an 
influence on these angles greater than in mere numerical proportion 
to its increase. This influence is most apparent in the angles of the 
prism zone, and becomes less and less evident in the zones approaching 
more and more nearly to the plane of symmetry, until at length in 
the case of the axial angle lying in the plane of symmetry all evidence 
of it disappears, and the differences are then directly proportional to 
the numerical differences in atomic weight. 

5. The alkali metals exert a preponderating influence in deter- 
mining the geometrical form of the crystals of the salts of this series, 
the magnitudes of the angles being altered on replacing one alkali 
metal, R, by the next higher or lower to an extent attaining a max- 
imum in certain angles of more than a whole degree, whilst the 
replacement of the second (dyad) metal, M, by any other of the 
same family group is unattended by any material change in the 
angular magnitudes. 

6. The importance of the axial ratios, as indicative of the change 
of geometrical form on replacing one alkali metal in any salt of this 
series by another, is greatly diminished by the fact that simultaneous 
changes, more or less neutralising each other, occur in the angles 
which determine them, thus causing the differences to be small. It 
is generally observed, however, that in any set of three salts con- 
taining the same second metal, the ratios for the rubidium salt lie 
between those of the potassium and cesium salts, and from the cause 
stated in paragraph 4 somewhat nearer to those of the potassium 
salt. The changes in the crystallographical angles themselves afford 
the only complete information concerning the change of geometrical 
form. 

It is intended to follow this communication by another, in which 
the crystallographical optical properties of the salts of this series will 
be treated in a similar manner, with the view of ascertaining whether 
the replacement of the alkali metal potassium by rubidium and 
cesium is accompanied by corresponding changes in the optic axial 
angle and other optical constants. 


XXV.—Dibromo-B-lapachone, its Preparation and Reactions. 


By Samvuet C. Hooker and A, D. Gray. 


Introduction. 


In a paper recently published (Trans., 1892, 61, 611), it was shown 
that Paternd’s bromolapachic acid (Gazzetta, 12, 353) is in reality a 
B-lapachone derivative. A portion of the evidence there dwelt on, 
namely, that relating to the existence of dibromhydrolapachol, was 
obtained after a prolonged study of the action of bromine on lap. 
achol, in the course of which many facts, as yet unpublished, were 
observed and recorded. We purpose to discuss some of these in the 
present communication, leaving others to a later date, in order that 
further study may be devoted to them. 

Dibromo-f-lapachone was first obtained* in very small quantity as 
a secondary product in the preparation of bromo-f-lapachone (Trans., 
1892, 61, 640). Its mode of formation remained for some time very 
obscure, inasmuch as, although it appeared to be formed from bromo- 
B-lapachone in the preparation of the latter from lapachol, it was 
nevertheless impossible to obtain it by the action of bromine on 
pure bromo-f-lapachone (loc. cit., p. 642). Thus, whilst bromo-A-lap- 
achone can be recovered unchanged after remaining several days in 
contact with bromine in chloroform solution, we have found in pre- 
paring bromo-8-lapachone, that if, after the addition of the bromine, 
the distillation of the chloroform is delayed, the maximum quantity of 
bromo-f-lapachone is not obtained, a portion apparently being con- 
verted into dibromo-f-lapachone. The conversion goes on slowly, 
and appears to have reached a limit after the solution has remained 
for a few days at the ordinary temperature. 

We are now able to explain these apparently contradictory results, 
and the preparation of dibromo-f-lapachone in relatively large quanti- 
ties has become an easy matter. It was shown in the paper above 
referred to, that on the addition of bromine to lapachol dissolved in 
chloroform, both bromo-f-lapachone and A-lapachone are formed in 
varying proportion, the quantity of each depending in a great degree 
on the rapidity with which the bromine is added. It was also shown 
that by adding lapachol to the bromine, instead of vice versd, it is 


* Stein describes a compound (J. pr. Chem., 1866, 99, 3) obtained by the action 
of bromine water on lapachol, which approximates in composition to be a dibromo 
derivative. The description of the substance is, however, very incomplete; and 
such of its properties as are given do not correspond with those of dibrome 


8-lapachone. 
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possible to reduce the formation of 8-lapachone to a minimum ; but, 
even under these—the most favourable—circumstances, small quanti- 
ties of B-lapachone appear to be formed; and consequently, if the 
proportion of bromine employed is equal to that required for the com- 
plete transformation of the lapachol into bromo-f-lapachone, an 
excess invariably remains in the chloroform solution. This excess, 
together with some of the hydrogen bromide evolved in the progress 
of the action, then combines with a portion of the bromo-f-lapachone, 
forming a characteristic but highly unstable additive product, which, 
on distilling off the chloroform, is again resolved into bromo-f-lap- 
achone, bromine, and hydrogen bromide, but on standing in the cold, 
or at moderate temperatures, slowly undergoes conversion into 
dibromo-f-lapachone. It thus becomes apparent that hydrogen 
bromide plays a very important part in the conversion of bromo-f- 
lapachone into dibromo-f-lapachone. 

The unstable intermediate product has been isolated, and similar 
compounds have also been obtained from A-lapachone and dibromo-£- 
lapachone, but their investigation is a matter of very great difficulty, 
owing to their extremely unstable nature. They are dark-red sub- 
stances, easily obtained in a crystalline condition, but slightly soluble 
in chloroform, and undergo change very slowly at the ordinary tem- 
perature when allowed to remain in contact with the mother liquor 
from which they have been deposited, provided that moisture be 
carefully excluded from the flask containing them. After removal 
trom the chloroform, however, a few minutes’ exposure to the air is 
sufficient to convert them into.a semi-liquid mass, bromine and 
hydrogen bromide being freely evolved,.and a residue. left consisting 
essentially of the respective lapachones. Concentrated sulphuric 
acid, alcohol, water, and aqueous potash almost instantaneously 
decompose them into bromine, hydrogen bromide, and the re- 
spective lapachone; a decomposition followed in some cases by 
secondary changes. They will form the subject of a future com- 
munication. 


EXPERIMENTAL Part.. 
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Dibromo-8-lapachone is most conveniently prepared directly from 
lapachol, the hydrogen bromide liberated in the earlier stages of the 
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action, namely, in the conversion of lapachol into bromo-f-lapachone, 
being available for the formation of the intermediate additive com- 
pound, which ultimately passes into dibromo-8-lapachone. To pre- 
pare the compound, 27°4 grams of bromine are dissolved in 200 c.c. 
of ehloroform in an accurately stoppered bottle of about 800 c.c. 
capacity, and to this solution—not vice versé—20 grams of lapachol 
in 400 c.c. chloroform are added rapidly, without cooling. The 
stopper is then tied down to prevent the escape of hydrogen 
bromide, and the bottle is immediately immersed in warm water at 
about 40°, this temperature being maintained for about 48 hours.* 
The chloroform is then distilled off from a water-bath, it being 
necessary to perform the operation under a hood, owing to the large 
volumes of hydrogen bromide which pass over with the distillate. 
To the residue, which js an orange-coloured oil, 150 c.c. of boiling 
alcohol are immediately added. Im a few minutes dibromo-f-lap- 
achone commences to crystallise in small, orange-red needles, more 
or less regularly grouped together in stars. 

The crystals may be collected after the lapse of 18—20 hours, and 
freely washed with cold alcohol, in which they are but very slightly 
soluble; 21—22 grams of the compound are thus obtained. If, 
however, the mother liquor, together with the alcohol washings, be 
allowed to stand for two or three days, it will deposit a smull quan- 
tity, 1—1'5 grams, of a yellow compound having feebly acid proper- 
ties. This compound is described on p. 433. 

In the preparation of dibromolapachone from lapachol, as above 
described, bromo-f-lapachone is undoubtedly first formed; that this 
is really the case may be demonstrated by distilling off the chloro- 
form as soon as the solutions are mixed. Hydrogen bromide and 
bromine then pass over in the distillate, and the residue, when dis- 
solved in alcohol, yields crystals of nearly pure bromolapachone. 
Further, to demonstrate that dibromolapachone is formed from 


* Under these conditions the intermediate compound of bromo-8-lapachone, 
‘bromine, and hydrogen bromide rarely separates; and the solution usually remains 
free from crystals. This is not, however, invariably the case, and should silky, 
scarlet-red, crystalline tufts form soon after the heating has been commenced, the 
temperature must be increased to and maintained at 48—50° for some hours in 
order that they may redissolve. The temperature is then allowed to fall, and 
kept at 40° during the remainder of the 48 hours. It sometimes happens that 
dark brownish-red crystals separate, perfectly analogous to those just referred to, 
but differing from them in being much darker; these are derived from dibromo-A- 
lapachone instead of from bromo-f-lapachone. On distilling off the chloroform, 
these crystals are decomposed, and dibromo-f-lapachone is obtained ; hence they 
need not be removed from the chloroform solution, the heating in this case being 
continued during the full length of time precisely as if the crystals had not ap- 


‘ peared. 
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bromolapachone, 2 grams of the latter were dissolved in about 
140 c.c. of chloroform, to which 1 gram of bromine had previously 
been added. The temperature of the solution was then raised to 
about 38°, and dry hydrogen bromide passed through it until 
saturated or nearly so.* The flask was then closed with a perforated 
rubber cork carrying a dry tube containing solid sodic hydrate, 
which served to prevent access of moisture to the contents of the 
flask, and also the escape of hydrogen bromide into the laboratory. 
After keeping the temperature of the solution at about 40° for 
24 hours, the chloroform was completely distilled off from a water 
bath, and the residue dissolved in abuut 20 c.c. of boiling alcohol; 
crystals of dibromolapachone commenced to separate almost imme- 
diately Yield, 1°5 grams. 

Dibromo-f-lapachone was prepared for analysis by crystallisation 
from acetic acid, which is by far the best solvent to use in effecting 
its purification. Another sample crystallised from alcohol was alsu 
analysed. In this case, owing to the very slight solubility of the 
¢ompound, it was boiled for some time with a large quantity of the 
solvent; the undissolved crystals were then removed by filtration, 
and the volume of the alcoholic solution considerably reduced by dis- 
tillation. . 


I. 0°2590 gave 0°4293 CO, and 00676 H,O. C = 45:20; H = 2°90. 
II. 03125 ,, 05221 C0, ,, 00866 H,O. C = 45°56; H =3°07. 
Ill. 02159 =,, 02039 AgBr. Br= 40°18. 

CisHi:Br,O; requires C = 45°00; H = 3:00; Br = 40°00. 


Dibromo-f-lapachone melts with decomposition and at very dif- 
ferent temperatures according to the rapidity with which it is heated. 
When the temperature is rapidly raised, the compound, if crystal- 
lised from alcohol, may be heated to 200° without darkening to any 
considerable extent ; it then very rapidly blackens and fuses at about 
204°, simultaneously running up the capillary tube. When crystal- 
lised from acetic acid, it both blackens and fuses at lower tem- 
peratures. 

Dibromo-f-lapachone and orthotoluylenediamine very readily in- 
teract in acetic acid solution. The azine formed crystallises in fine 
yellow needles, very sparingly soluble in alcohol; it dissolves in 
concentrated sulphuric acid, giving an intensely violet-coloured 
solution, from which a small quantity of water precipitates an orange 
salt. 

Dibromo-f-lapachone dissolves in concentrated sulphuric acid 
without change, forming an orange-red solution. It combines with 


* The intermediate compound may be obtained by using less chloroform and 
allowing the solution, saturated with hydrogen bromide, to stand in # cold place. 


428 HOOKER AND GRAY: DIBROMO-8-LAPACHONE, 


hydrogen bromide in chloroform solution, forming an additive 
product which crystallises well in orange-coloured needles ; this 
compound is very unstable, and is immediately resolved by alcohol, 
or by concentrated sulphuric acid, into dibromo-f-lapachone and 
hydrogen bromide. 

Dilute solutions of caustic alkalis, on prolonged boiling, convert 
dibromolapachone into bromodihydroxyhydrolapachol. 

The reactions of dibromolapachone, as well as its formation from 
bromo-f-lapachone, conclusively prove that one of its bromine atoms 
is situated in the closed side chain. The formation of the compound 
from an additive product, as well as the stability of the remaining 
bromine atom, undoubtedly points to the presence of the latter in the 
naphthalene ring. The exact position of this bromine atom has not 
yet been determined. , 


co 
/\/™ 0-CH(OH)-CH(OH)-0,H; 


Bromodihydroxyhydrolapachol, ( 


?) Br Q ) Neow 
CO 

The lapachones previously studied are all attacked when boiled’ 
with a 1 per cent. solution of sodic hydroxide, and converted into 
lapachol derivatives. Dibromo-f-lapachone forms no exception to 
the general rule, but the action of the alkali is much less energetic, 
the change being brought about so slowly that an hour’s boiling at 
least is needed; whereas, in the case of the majority of the other 
lapachones, the corresponding change can be effected in a few 
minutes. 

In order to prepare bromodihydroxyhydrolapachol, 6 grams of very 
finely powdered dibromo-f-lapachone are thoroughly ground with a 
few drops of a 1 per cent. solution of sodic hydroxide so as to form a 
homogeneous paste; the quantity of the alkaline solution is then 
gradually increased, the grinding and mixing being continued until the 
substance is obtained suspended in the liquid in a very finely divided 
condition, thoroughly moistened and entirely free from lumps. The 
mixture is then transferred to a moderately large flask, of about 
1200 c.c. capacity, and more of the 1 per cent. alkaline solution 
added until 400 c.c. in all have been used. After boiling for about 
an hour, using a reflux condenser, the intensely red solution is 
filtered off from the unattacked dibromolapachone and from a green 
substance which forms in very small quantity during the heating. On 
the addition of acetic acid to the filtrate, while still hot, bromodi- 
hydroxyhydrolapachol is precipitated and soon becomes crystalline, 
forming brownish-yellow leaflets or scales. If the grinding has beeu 
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thorough, the quantity of the unattacked dibromolapachone will be 
very small, the residue in this case consisting almost entirely of the 
green substance (not further examined) above referred to. The 
weight of the residue should not exceed 0'3—0°4 gram. If, on the 
other hand, the grinding has been imperfectly performed, the residue 
may contain considerable quantities of dibromolapachone, in which 
case it should be dried, again ground, and submitted ” the operations 
above described. 

The compound, after purification by sodepetilibialion from alcohol, 
gave the following figures on analysis. It melts at 181—182°. 


I. 0°2495 gave 0°4647 CO, and 0°0950 H,O. C = 50°79; H = 423. 
II. 0°2529 ,, 0:1337 AgBr. , Br= 22 45. 
C,;H,,BrO,; requires C = 50°70; H = 4°22; Br = 22°53. 


The formation of bromodihydroxyhydrolapachol from dibromo-f- 
lapachone is expressed in the following equation :— 


. { O.«B { 
C,H,;Br< CHBr-CH:C,H, + 2H,0 = 
oa 


O,aa 
C HBed OH CH (OH): CH(OH)C;H, + HBr. 
OH 


The change here involved in the quinone group has already been 
partially discussed by one of us in a paper on the constitution of 
lapachol (Trans., 1892, 61, 617—622). Additional proof that such a 
change really does occur will shortly be presented to the Society in a 
communication on the azines of the lapachol group. 

Bromodihydroxyhydrolapachol usually crystallises from alcohol in 
silky, yellow needles, but it is also occasionally deposited in small, 
dense, octahedra-like, bat probably monosymmetric, crystals. When 
in a pure condition, it is precipitated by acetic acid from its mode- 
rately dilute alkaline solution in the form of characteristic leaflets ; 
these gradually redissolve if allowed to remain in contact with the 
mother’ liquor, the substance being simultaneously redeposited in 
minute bunches of needles, some heavy irregular prisms being also 
formed. In order that the changes in crystalline form may be fully 
appreciated, the observations should be made with the aid of a 
microscope. 

Bromodihydroxyhydrolapachol dissolves in concentrated sulphuric 
acid, forming an orange-coloured solution, but the colour almost 
instantly passes into a brown, and then into a dark-red: on heating, 
or more slowly on standing, the colour changes to purple, These 
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colour changes are accompanied by essential changes in the compound 
dissolved ; two products of the action have been isolated : they are of 
considerable interest for the reason that they contain a closed side 
chain differing in the number of its atoms from that in the lapachone 
derivatives. 

The evidence upon which this statement is based will be com- 
municated to the Society in a subsequent paper, together with the 
detailed study of these and similar compounds from dihydroxy- 
hydrolapachol, which has been undertaken by one of us in the hope 
that the changes involved will throw light upon the constitution of 
the amylene chain in the lapachol molecule.* 

Bromodihydroxyhydrolapachol is converted by the action of dilute 
mineral acids into bromhydroxy-f-lapachone. 


Bromhydroxy-B-lapachone, 


To 3 grams of bromodihydroxyhydrolapachol, dissolved in the 
smallest possible quantity of boiling alcohol, a few drops of concen- 
trated hydrochloric acid was added: the solution was boiled fora 
minute or two and then cooled. Bromhydroxylapachone readily 


* In my paper on the constitution of lapachol (Trans., 1892, 61, 611), I have 
already dwelt on the uncertainty of the constitution of the amylene chain (p. 612). 
Although the following formula I has been freely used for lapachol, it should be 
remembered that not only the position of the double bond in the side chain, but 
also the entire structure of that chain, is a matter of considerable doubt; and that 
the only positive information we have regarding the constitution of lapachol is 
expressed in the formula II 


co 
/\/™ 0-CH:CH-C;H; 


Neon 


In order to follow with intelligence the various changes which occur in the side 
chain, it is, however, necessary to accept for it a provisional constitution ; and 
whether this proves finally to be right or wrong, the relations of the various com- 
pounds to each other, if now properly explained, will ultimately need no further 
interpretation. Whatever change it may be necessary to make in the above 
formula (I) for lapachol will simply involve similar, or corresponding, changes in 
all the lapachol and lapachone derivatives.—S. C. H. 
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separated in characteristic orange-red scales, which on microscopic 
examination were found to consist of interlaced, flattened needles. 
The change* which occurs quantitatively is expressed by the fol- 
lowing equation :— 


0.24 
C,H;sBr< CH(OH)-CH(OH):C,H, = 
OH, 


Bromodihydroxyhydrolapachol, 


0,28 
C,.H;Br CH(OH)CH:C;H, + H,0. 
fh. 


Bromhydroxylapachone, 


* The change from the para- to the ortho-quinone group, which was first ob- 
served in the course of my researches on the constitution of lapachol, is here again 
illustrated. I shall show in a subsequent paper that compounds of the types 


co 


Or ail OH (YY \ox-Cl (or Br) 
We -OH LK Joom ‘ 


vO 


are, as @ rule, far more readily converted by the action of acids into anhydrides of 
the formula 

c—oO 
/\/No4 


LI hoo 
co 


and consequently into derivatives of 8-naphthoquinone, than, as might have been 
expected, into compounds of the general formula 


I may cite as an example of this rule, outside of the lapachol group, the behaviour 
of the compound benzal-dis-hydroxynaphthoquinone— 
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The compound was purified for analysis by recrystallisation from 
alcohol,* in which it is sparingly soluble. It melts at about 247°, 
darkening, and undergoing complete decomposition at a somewhat 
lower temperature. 


I. 02952 gave 0°5775 CO, and 0°1031 H,O. C = 53:35; H = 3°88. 
II. 01196 ,, 0°0664 AgBr. Br = 23°62. 
C,;H,;BrO, requires C = 53°41; H = 3°85; Br = 23°73. 


The compound may more conveniently be prepared by the action 
of concentrated hydrochloric acid. For this purpose, bromodihydroxy- 
hydrolapachol is immersed in acid of sp. gr. 1°20, in the proportion of 
25 c.c. to every gram of the lapachol. After standing for about 
25 hours, the yellow needles will be found on examination with a lens 
to have been completely changed into small, orange crystals. Water 
is then added in relatively large volume, and the compound collected 
and washed, first with water, then with a 1 per cent. solution of sodium 
hydroxide as a precaution against unchanged bromodihydroxyhydro- 
lapachol, and, finally, again with water. As thus obtained, the com- 
pound is sufficiently pure for all ordinary purposes. 

Bromhydroxy--lapachone has all the properties characteristic of 
an orthoquinone. lt is very readily acted on by orthotoluylene- 


which Zincke and Thelen (Ber., 21, 2203) obtained by the action of benzaldehyde 
on 8-hydroxy-a-naphthoquinone. 

Together with this compound, an anhydride was also obtained in small quantity, 
which Zincke and Thelen believed had the formula 


co oO co 
A\N/\o/\0/\“\ 


Be soe 


WV A/ 
CO CH co 


é.u, 


This compound is, however, in reality, as I shall prove in a subsequent paper, @ 
8-naphthoquinone derivative, and can, as I have found, be readily obtained quanti- 
tatively by the addition of a few drops of hydrochloric acid (or other mineral acid) 
to the boiling acetic acid solution of benzal-dis-hydroxynaphthoquinone. 

Similarly, my experiments show that, generally, action takes place between alde- 
hydes and §-hydroxy-a-naphthoquinone, and that anhydrides, derivatives of 6 
naphthoquinone, may be easily obtained from the product by methods similar to 
that above mentioned. I have further discovered that, precirely as in the case of 
the 8-lapachones, these 8-quinone anhydrides may be reconverted into a-quinone 
derivatives by the action of dilute boiling solutions of caustic soda or potash. 

The experiments here outlined will be extended to hydroxyquinones generally, 
this preliminary note being here inserted in order that my researches may continue 
undisturbed in the direction indicated.—S. C. H. 

* Acetic acid is a far better solvent, 
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diamine, giving an azine similar to that obtained from dibromo- 
p-lapachone. 

Bromhydroxy-f-lapachone is reconverted by the action of dilute 
aqueous alkalis into bromodihydroxyhydrolapachol. 0°8 gram was 
boiled for one hour with 40 c.c. of a 1 per cent. solution of potassium 
hydroxide. The addition of acetic acid precipitated bromodihydroxy- 
hydrolapachol from the filtered solution, and this, after crystallisation 
from alcohol, gave the following figures on analysis :— 


0'3185 gave 0°5917 CO, and 0°1251 H,O. C = 50°66; H = 4°36, 
C,sHisBrO; requires C = 50°70; H = 4°22. 


0 
The Compound 2048} CHBYCHBr CH, HB (?). 
. OH 


On p. 426 of this paper, reference is made to a yellow compound 
which was deposited from the alcoholic mother liquors obtained 
in the preparation of dibromo-f-lapachone. This substance was 
at first supposed to be a simple bromine derivative of dibrom- 
hydrolapachol (Trans., 1892, 61, 643), which it resembled in some of 
its properties, and the formation of which could be readily explained 
by the action of hydrogen bromide on dibromo-f-lapachone (compare 
loc. cit., p. 645). Analysis has shown, however, that the compound 
contains more bromine than is required by a tribromhydrolapachol. 

The mother liquor and washings above referred to were allowed to 
remain for a few days at the ordinary temperature, when small, 
yellow, crystalline tufts were deposited together with one or more 
orange substances.* The compound was purified by several crystal- 
lisations from acetic acid, in which it dissolves with considerable 
difficulty, but from which it readily separates in fine, pale yellow 
needles. As the figures obtained on analysis differed from those 
anticipated, another preparation was made, and in this case pnrifica- 
tion by repeated crystallisation from alcohol was resorted to, an 
operation which proved to be most laborious and troublesome. Owing 
to the extremely slight solubility of the compound, it was necesxary 
to use large volumes of the solvent; the alcoholic solution was then 
reduced by distillation to a small bulk, and allowed to stand undis- 
turbed for about 12 hours. Under these circumstances, the orange 
compound separates simu]taneously with the yellow needles in dense, 
though microscopic, crystals. On treatment with a fresh quautity 
of boiling alcohol sufficient to take up the yellow compound, the 


* The mother liquor was filtered off and concentrated by evaporation; the semi- 
resinous residue, probably a complex mixture of several compounds, was not further 
examined, 
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orange-red crystals were left in part undissolved, and by repeating 
these operations sufficiently often, were ultimately entirely sepa- 
rated.* 

The orange compound is, from the first, present in very small quan- 
tity, and can only be detected with certainty by the use of the 
lens. In each case, the crystals obtained were microscopically 
examined until they were found to be entirely free from the orange- 
coloured substance. 

_ The following figures were obtained on analysis :— 


I. 0°1767 gave 02246 CO, and 0°0488 H,O. C = 34°66; H = 34°90, 
II. 0°1650 ,, 02112CO, ,, 00405H,O. C= 3:06;H= 2°72, 
III. 0°1103 ,, 0°1383 AgBr. Br = 53°35. 
1V. 01802 ,, 0°2261 AgBr. Br = 53°39. 
V. 01568 ,, 0°1958 AgBr. Br = 53°13. 
Average C = 34°78; H = 2°89; Br = 53°29. 
2C,;H,,Br,0;,H Br requires C = 34°51; H = 2°58; Br = 53°69. 


Analyses I, II, IIII, IV were made with the compound crystallised 
from acetic acid ; the preparation from alcohol gave the results stated 
under V. 

The compound, when rapidly heated, fuses at about 200°, being 
simultaneously completely decomposed. 

While it must be admitted that the above formula is rather an un- 
satisfactory one, it nevertheless best expresses the experimental facts 
obtained so far. The substance analysed may, of course, have been 
mixture, but as the one preparation was purified entirely by crystal- 
lisation from alcohol and the other from acetic acid, this is rather 
improbable, considering that concordant figures were obtained ; more- 
over, both preparations were microscopically examined, and no 
irregularity was discovered in the appearance of the crystals. 

That the compound is in some way related to, or, if a mixture, 
contains, the compound 


CO 
/\/ ‘ C-CHBr-CHBr-G,H, 


LI, 
\ '\C-OH 


co 


there can be no doubt, as, by the action of dilute soda solution, 
bromodihydroxyhydrolapachol has been obtained; the action, how- 
ever, is very far from being a quantitative one, and a variety of other 
products are simultaneously produced. The formation of bromo- 


* The orange-coloured compound contained bromine, and dissolved in concel* 
trated sulphuric acid, forming a green solution. 
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dihydroxyhydrolapachol by the action of soda apparently corresponds 
to the conversion of dibromhydrolapachol into dihydroxyhydro- 
lapachol under similar circumstances (loc. cit., p. 647). 

The compound dissolves imperfectly, and with considerable diffi- 

culty, in dilute (0°5 to 1 per cent.) solutions of sodic hydroxide, and 
even less satisfactorily in the concentrated alkali. It is reprecipi- 
tated, apparently unchanged, on the addition of acetic acid to dilute 
alkaline solutions which have been kept for a short time. 0°2 gram 
was immersed in 10 c.c. of a 4 of 1 per cent. solution of sodic 
hydroxide, in which it mostly dissolved; after 24 hours, the. deep 
red liquid was filtered off from small quantities of a brownish 
substance.* .5 c.c. of a 10 per cent. solution of sodic hydroxide were 
then added to the filtrate; this produced a dark red precipitate, 
which disappeared in the course of 48 hours. The solution was again 
filtered to remove a further deposit, and then acidified with acetic 
acid, which produced immediate turbidity. On the following day, 
the mother liquor was filtered off from the precipitate,t and allowed 
to evaporate to dryness at the ordinary temperature. The residue 
was taken up with water, and, after filtration to remove resin, 
the solution was extracted with ether, which removed a small 
quantity of bromodihydroxyhydrolapachol in a nearly pure con- 
dition. This was identified by its melting point§ (1S0—181°), by 
its behaviour in concentrated sulphuric acid, and, lastly, by under- 
going the characteristic changes in crystalline form when precipitated 
by acetic acid from its alkaline solution (compare p. 429). 
* The compound 2C,;H,;Br;0;,HBr dissolves but very slightly in 
cold concentrated sulphuric acid, but, on heating moderately, it 
passes gradually into solution, and bydrogen bromide is slowly 
given off; the orange-red solution thus obtained was cooled and 
poured into a relatively large volume of water, the precipitate ex- 
tracted with a small quantity of alcohol, and then crystallised from 
the same solvent. Orange needles were thus obtained which melted 
at about 205°, undergoing decomposition. In this, as in some other 
respects, the orange needles resembled dibromo-A-lapachone, although 
it was not found possible to establish their identity therewith, 
owing to the very smull quantity of the substance at our disposal. 

The study of the compound 2C,,;H,;Br;03, HBr has been discontinued 


— extracted from this a compound which crystallised in minute, orange 
needles. : 

+ Probably the sodium salt of the compound, as a small quantity was removed 
from the flask and found to dissolve readily on the addition of water. 

t The quantity of this was too small to permit of examination. 

_§ The yellow crystals deposited on evaporation of the ether were washed with 
dilute alcohol before the melting point was taken. 
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for the time being at least. It is formed in such very small quan. 
tities—we have had in all less than 2 grams in a pure condition 
—that, with more important work awaiting, we have felt scarcely 
justified in devoting further time to its investigation, 


XXVI.—Iselation of Two Predicted Hydrates of Nitric acid, 


By Spencer Umrrevitie Picxerina, F.R.S. 
o 


On plotting out the heat of dissolution of nitric acid in water, as deter. 
mined by Berthelot (Méc. Chim., 1, 397). it appears that there is a 
well-marked break in the curve at a point nearly corresponding to 
the composition of a trihydrate (HNO,,3H,0 = 53°85 per cent. HNO;). 
‘'homsen’s resnits form a similar figure, in which a similar indication 
occurs. Irregularity is observable also in the case of weaker sola- 
tions; this occurs at a point corresponding to about 20 per cent, 
HNO, in the figure derived from Berthelot’s results, but cannot well 
be located in the figure derived from Thomsen’s more meagre observa+ 
tions. Berthelot’s results are shown in Fig. 1, AB. 

In like manner, the specific gravities of solutions of nitric acid, 
taking Kolb’s two sets of values (Ann. Chim. Phys. [4], 10, 140), 
are expressed by a figure in which breaks occur at points correspond- 
ing to 53 and 78 per cent. of acid respectively, both being very well 
marked. When a somewhat small scale is used, the portions of the 
figure from 0 to 53 per cent. and from 73 to 100 per cent. are sensibly 
straight lines, the intermediate portion being considerably curved, 
and no one who examines the figure with a flexible, or indeed inflexible, 
lath can avoid the conclusion that, if there are any breaks at all in it, 
they must be at the points referred to (see Fig. 1, CD). The break 
at 78 per cent., corresponding to a monohydrate, is not apparent in 
the heat curves, owing, no doubt, to the small number of values deter- 
mined for strong solutions, though it may be noticed that Berthelot’s 
results suggest some change in these regions, as the value for the 100 
per cent. solution used by him does not lie on the curve drawn in 
Fig. 1. 

On plotting the densities on a sufficiently open scale, or, what is 
better, the contractions, a fairly well marked but comparatively minor 
change of curvature appears at a point correspondir~ to about 18 per 
cent. of acid, near to the minor change occurring . the curve de- 
duced from Berthelot’s results, 
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Fig. 1.—Heat of Dissolution and Specific Gravities of Solutions of Nitri« acid. 


T 
T 


20 40 60 80 100 
Per cent. HNO. 


In Table I (p. 438) are given the values for the contractions calculated 
from the specific gravities at 0°, ani also the molecular volu nes of the 
acid (63 grams) in its solution; these last values, tnough they show the 
breaks, were »pt found in the present case to offer any special advan- 


tages for diagrammatic purposes. The maximum of contraction, 1t 
YOL. LX1I. 24 
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may be remarked, appears to coincide exactly with the composition 
of a definite hydrate, the trihydrate ; in the case of sulphuric acid, the 
maximum did not coincide with any definite hydrate (see Chem. News, 
65, 14). 


TasLe. I.—Specific Gravities of Nitric Acid Solutions at 0° (Kolb), 


and Values calculated therefrom. 


Per cent. | Sp. gr png pel a Mol. vol. of 
HN. Pay HNO. 
99 84 e 1°559 0 ‘0002 40 *37 
99°72 1 *558 0 0003 40 *37 
99 52 1°557 0 0007 40°35 
97 89 1 551 0 °0059 40°14 
95 +27 1°542 0 0146 39-76 
93 01 1°533 0 °0211 39°45 
89 °56 1°521 0°0320 38°91 
87 45 1 513 0 °0380 38 *57 
86°17 1°507 00408 38 °40 
80°96 1 488 0 0555 37°48 
74°01 1 *462 0 -0735 36°10 
72°39 1-455 0°0769 35 °7 
71°24 1-450 0°0792 35 *56 
69-20 1°441 0 -0830 35°14 
65°07 1°420 0 -0883 34°36 
61°21 1°400 0°0924 33°59 
59°59 1-391 0°0934 33 -28 
56°10 1°371 0°0949 32°61 
52°33 1-349 0 °0956 31°85 
50 “99 1°341 00955 31°58 
47-18 1°315 0 -0923 81°01 
43 ‘53 1°291 0 0893 30 *38 
37 “95 1°253 0 0823 29°48 
33 *86 1226 0 -0770 28°70 
28 00 1°187 0 °0677 27°55 
25°71 1°171 0 0629 27°22 
17 47 1°115 0°0451 25°81 
11°41 1-075 00310 24°48 
7°72 1°050 0 -0209 24°14 
0 1-000 0 _ 


The two series of specific gravity results are very concordant as 
tw the positions indicated for two chief breaks; they are 


Series at 0° 535 p. c. \ 52°8 p. c. : HNO,,3H,0 contains 53°85 p. c. 
». 15.530 ,, 


Series at h one " \ 77°9 p. c. : HNOs,H,O contains 78:02 p. c. 


The prominence with which these breaks were marked led me to 
consider it probable that one or other of the hydrates indicated by 
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them might be isolated in the crystalline condition, and to test this 
view I performed two series of freezing point determinations in the 
same manner as in my recent investigation of the alkylamines (this 
vol., p. 145). The results more than justified my anticipations, for I 
succeeded in isolating both the hydrates. 

Two series of determinations with different samples of acid are 
given in Table II (p. 440), and the first of these is illustrated in Fig 2. 


Fie. 2.—Freezing Points of Solutions of Nitric acid. 


em I 1 
I i : 
“T 
F. p. } 
P i 
t 
—10° 
i | i 
t | | 
TT 
tipo am] +++ | a 
+ toot t ttt +4 
x i [ 
1 @ 
—20 He 
+4444 44+ + 
JSCSSREEESEEY one 
Mell 4 
oH secgeus eae 
ror Toco pol iy 
}} + tAst+s+5 sae SEs 
-30? fF 7 | v4 TTT 
i 5 + — 4 + Hoe 
cooecret Td tio 
WERERE DS etaa 
sagen een: EUSes 
} +++ wes 
—40° t i 
i T 
Pitt 
extant 
4 7eeces aan 
TCH HHH : 
— t seen 
+ “nv ems 
a 
| | 
oases l FT). 1. 1 I 
0 20 40 60 8U 


Per cent. HNO3. 


Starting with the weakest solutions, water, of course, crystallises, 
the temperature falling at an increasing rate down to —40°,* when the 
strength of the solution reaches 32°5 per cent. This “water” curve 
indicates a not very well-marked break at 18 per cent., which agrees 
well with the minor break indicated by the density and heat 


* The molecular depression increases with the strength from about 2:2° to 29°. 


440 PIOKERING: ISOLATION OF 


resnits. An 18 per cent. solution corresponds to a composition of 
HNO,,16H,0. 
At 32°5 per cent., the well-known opaque, flocculent, water crystal- 


Tapce Il.—Freezing Points of Aqueous Solutions of Nitric Acid. 


Per cent, | Mols. HNO, | Freezing Per cent. | Mols. HNO;; Freezing 
HNO;. | to 100H,0. point. HNO. to 100H,0. point. 


First Series. Second Series. 
The monohydrate crystallises. The trihydrate crystellises. 


19 =| 38 | None at “54 
| -77° “93 
86 "10 — 42 *95° 3 51 
24 =O 27 —40°15 “Ol 
“05 65 — 37°85 *et] 
7 | “T+ —36°8 5°20 
26 | 90 | —87°45 ‘27 
72 7616 | —39°3 “30 
“15 
83 
The trihydrate crystallises. “48 
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lisation gives place to the formation of rather transparent, large 
crystals, and the freezing points gradually rise till they reach —18°2", 
after which they fall gradually to about —45°, which temperature is 
reached at about 70 per cent. 

The position of maximum, which, as is well known, must corre- 
spond exactly with the composition of the crystallising substance, was 
found, by drawing a bent lath curve through the points, to be at 


lst Series 53-7 per cent. ' 
Ond ,, 539 ¥ \s3 8 per cent., 


and as the trihydrate contains 53°85 per cent. of acid, there can be no 
doubt whatever but that the crystallising substance is this hydrate. 

After 70 per cent., the crystallisation of the trihydrate gives plave 
to the formation of smaller, more opaque, and gritty crystals, the 
freezing points rising from —45° to —36°8°, after which they fall 
again, and were followed as far as —43° with an 84 per cent. solution. 
The maximum of this second crystallising hydrate is reached at 77-9 
per cent., and corresponds almost exactly with the monohydrate, 
which contains 78°02 per cent. of acid. 

After about 85 per cent., nitric acid itself no doubt crystallises out, 
and the freezing poiuts rise from some lower temperature to about 
—47°, which is known to be the freezing point of the pure acid. This 
portion of the figure, however, was not investigated. 

Although the evidence as to the composition of a crystallising 
hydrate which is afforded by the position at which the maximum 
temperature of crystallisation is attained is mach more satisfactury 
than any analysis, I did, in the case of the trihydrate, analyse the 
crystals. A solution containing over 50 per cent. of nitric acid was 
taken and recrystallised, the mother liquor being simply ran off; the 
crystals were then found to contain 54°42 per cent. of acid, and after 
a second crystallisation, 54°U5 per cent.; a third crystallisation 
would evidently have rendered them practically pure, the trihydrate 
cuntaining 53°85 per cent. 

The two hydrates isolated here are the second and third instances 
of hydrates isolated owing to their existence having previously been 
recognised in solutions by means of breaks in various properties 
examined. The first instance was that of the tetralhydrate of sulph- 
uric acid (Trans., 1890, 57, 339), and it is somewhat remarkable 
that those who have criticised my conclusions as to the existence of 
breaks should have entirely ignored the very strong evidence afforded 
in favour of them by the isolation of a hydrate the existence of 
which was predicted by a break, especially as the break at the 
tetrahydrate was one of those (in one case the only one) against 
which their criticisms were directed. It may be that they considered 
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that the fact that the composition of the isolated hydrate corresponded 
with the break was merely a coincidence, although, as I showed, the 
odds were at least 11: 2 against such a chance; but the multiplication 
of coincidences of this sort must put any such explanation entirely out 
of court, especially as in the present instance it is not that one hydrate 
was isolated out of a large number indicated, but that only two 
breaks representing hydrates of a sutticiently low order to render their 
existence in the solid condition probable were recognised, and both 
these, and these only, have been isolated. It is difficult to imagine 
how more conclusive evidence could be obtained as to the reality of 
breaks, and the existence of hydrates in solution, than by the isola- 
tion of the very hydrates indicated by the breaks. 

The hydrates must evidently exist in solution throughout a con- 
siderable range of temperature, for the indication of the monohydrate 
was obtained at a temperature 52° above its freezing point, and that 
of the trihydrate at a temperature 36° above its freezing point. 

The existence and position of the breaks, both in the specific 
gravity and in the heat results, must, as I have said, be apparent to 
any one who takes the trouble to examine the results even super- 
ficially, and it may, therefore, appear curious that Berthelot, who 


was on the look out for evidence of hydrates in solutions, should not — 


only have missed the indication of the trihydrate, but should have 
thought that his results showed some indications of hydrates with 
2 and 5H,0, respectively (Méc. Chim., 2,157). The explanation, no 
doubt, is, not that Berthelot did not make use of that most valuable 
instrument the flexible lath, but that he plotted out his results 
against molecular composition, and thereby got a hyperbolic figure, 
which of all figures is the least amenable for graphic analysis (see 
Trans., 1890, 57,97). In Thomsen’s case the matter was different: be 
obtained numerous series of results, and examined them by deducing 
empirical equations from them, and comparing the calculated with the 
observed values. His conclusions, expressed in the most unhesitating 
language, were that in no case was there any indication of the exist- 
ence of hydrates. Thomsen’s great reputation as a worker may explain 
how it has happened that these conclusions have been so generally 
accepted by others, but it is ditficult to explain how he could have per- 
suaded himself of their validity. In most cases his determinations 
were far too meagre for an examination by fitting on equations, and in 
four cases only did he attempt to do so: in the case of hydrochloric acid 
(loc. cit., p. 12) and copper chloride (p. 25 ; there are only five experi- 
mental points in this case), the differences between the observed and 
calculated values arrange themselves without exception, into groups 
with the same signs, and in magnitude they are often in considerable 
excess over the 5—10 cal. at which the experimental error is esti- 
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mated ; whilst in the other two cases—sulphuric acid (p. 9) and 
nitric acid (p. 10)—he displays those only of his experimental values 
which agree with the calculated values, and omits those which do not. 
With sulphuric acid, the agreement extends over only 1 per cent. of 
the whole curve which he examined, and in the remaining 99 per 
cent., the differences reached uearly 700 cal. (see Trans., 1890, 57, 96, 
where a fuller discussion of these results will be found), whereas in 
the case of nitric acid, matters were even worse, for, though the 
agreement may be said to extend through the first 1°6 per cent. of 
his whole curve, in the remaining 98°4 per cent. the differences attain 
more than 1420 cal. I give below a full table of the observed and 
calculated results, Thomsen’s table containing only those marked 
by an asterisk. 


Taste ITI.—HNO,,2#H,O (Thomsen). 


Calculated 
- 7% 8974 
a2 + 1°737° 
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XXVII.—Contributions to our Knowledge of the Aconite Alkaloids. 
Part IV. On Isaconttine. (Napelline.) 


By Wynpouam R. Donstan and E. F. Harrison, Demonstrator in the 
Research Laboratory of the Pharmaceutical Society. 


In a previous paper (Part II, Trans., 1892, 61, 385), a new alkaloid was 
briefly described, which had been found, together with aconitine, in 
the rcots of true Aconitum Napellus. This alkaloid it was suggested 
should be provisionally called napelline, a name long ago applied to 
a supposed alkaloid of this plant, which has since been proved to be 
a mixture of several substances. 

VOL. LXIII. 21 
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The impure napelline then obtained was described as an uncrys- 
tullisable alkaloid, resinous when dry, and as we had not succeeded 
in crystallising any of its salts, no sure criterion of purity was 
available. Since then, however, several of the salts of the new 
alkaloid have been crystallised, and during the past year we have 
been occupied in the very tedious work of preparing sufficient pure 
material to enable us to examine the chemical properties of this 
important constituent of Aconitum Napellus. By degrees, we have 
worked out a satisfactory process for separating napelline from 
aconitine, and also from another amorphous alkaloid closely resembling 
it, which has been provisionally named homonapelline. The process 
is as follows. . 


Separation of Napelline (Isaconitine) from the Total Alkaloids of 
A. Napellus. 


The total alkaloids obtained from the root in the manner described 
in Part II (loc. cit.) are dissolved in cold dilute hydrobromic acid (5 per 
cent.), excess of acid being carefully avoided. The clear solution is then 
precipitated with a slight excess of dilute ammonia, and the liquid 


shaken several times with ether; the ethereal solution is washed ~ 


with a small quantity of water, and then distilled. The residue, 
which consists chiefly of aconitine, is dissolved in just sufficient 
dilute hydrobromic acid, and the exactly neutral solution is allowed 
to evaporate in a desiccator over calcium chloride, when crystals of 
aconitine hydrobromide separate. The mother liquor contains some 
homonapelline and napelline. 

The aqueous solution which has been extracted with ether is now 
extracted with chloroform until nothing further is removed. The 
solution in chloroform is washed with a little water and distilled. 
‘The residue, consisting largely of napelline, is dissolved in a sufficiency 
of dilute hydrochloric acid (5 per cent.), and the liquid, after being 
exactly neutralised with dilute ammonia if necessary, is evaporated 
on the water bath. If the liquid is stirred occasionally, a crust 
of crystals separates after a time from the hot solution. These 
consist of napelline hydrochloride, and when some quantity has 
formed, it is filtered off and washed with a little cold water, these 
washings being added to the original liquid. The evaporation and 
stirring are then repeated, and more crystals obtained, which are 
dealt with as before. By repeating the operation, as many as nine 
fractions of crystals may be separated. It has been found that by 
erystallising out from the hot liquid the napelline hydrochloride is 
obtained purer than by the usual process of evaporating to a small 
volume and allowing the hot liquid to cool. The different fractions 


. 


= 2 ws 6» 
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are then mixed together and recrystallised in the same way until 
they melt at 268° (corr.). 

The mother liquors contain the hydrochlorides of homoisaconitine 
(homonapelline) and aconine, but some quantity of aconine still 
remains dissolved in the liquid which has been extracted with chloro- 


form. 


Composition and Properties of Isaconitine (Napelline) and its Salts. 


Pure napelline may be produced from the pure hydrochloride by 
adding dilute ammonia in slight excess to a cold aqueous solution, 
when the base is precipitated in white flocks. Potash and soda act 
similarly, but the use of these alkalis is to be avoided, as the alkaloid 
is readily hydrolysed by contact with them. The slightly alkaline 
liquid is then extracted several times with ether, and if the solution 
in ether is washed with water, dried with calcium chloride, and the 
ether distilled off, the base remains as a colourless, transparent 
varnish, which has so far resisted all attempts to crystallise it. When 
quite drv, it is very friable, and is readily powdered. It melts 
indefinitely near 125°. 

Napelline is slightly soluble in water, furnishing a bitter solution, 
which, however, does not produce the tingling sensation on the tongue 
which is so characteristic of aconitine. The aqueous solution is alka- 
line to litmus. The hase is readily soluble in alcohol or chloroform, 
and also in ether. The alcoholic solution is dextrorotatory, but less 
so than that of aconitine. The determination of the specific rotation 
in alcoholic solution furnished the following results :— 


a[15°] = 42° 3'; 1 = 2dm.;¢ = 7°86, 
100 x 0°705 
h ee = 4 " 
whence 5x7 86 [a]lp = +448 
A solution of the base in chloroform is only feebly dextrorotatory. 
When burned in a current of oxygen in the usual manner, 


the alkaloid furnished the following data. Two specimens were 
analysed. 


I. 02379 gave 0°5311 CO, and 0°1486 H,O. C = 61:11; H= 6-96. 
II. 02299 ,, 05145 CO, ,, 0148 H,O. C = 61:03; H=7°15. 
CH, NO,, requires C = 61°20; H = 6°95 per cent. 


The composition of napelline is, therefore, identical with that of 
aconitine, both alkaloids being represented by the formula C,,;H,sN Oj». 
The alternative name of isaconitine may thus be used with ad- 
vantage for this alkaloid, since it is isomeric with aconitine, and the 


provisionally suggested name of napelline may be abandoned, 
212 
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By dissolution of the base in a sufficient quantity of the correspond. 
ing acid, diluted with water, the hydrochloride, hydrobromide, hydri- 
odide, and nitrate have been obtained in a crystalline state. These 
dissolve readily in water and alcohol forming very bitter solutions. 

The hydrochloride, Cy.HysNO,,HCI, crystallises in needles which are 
soluble in water and alcohol. The aqueous solution is intensely 
bitter, but does not produce the slightest tingling sensation. This 
affords a most delicate test for the presence of aconitine salt, a small 
drop of the very dilute solution of isaconitine hydrochloride being 
placed on the tip of the outstretched tongue and allowed to remain 
for about a minute. It is then washed off with water; after the 
lapse of a few minttes, a distinct tingling sensation will be ex- 
perienced if the salt was contaminated with even a very minute 
quantity of aconitine hydrochloride. We have found this to be 
a far more delicate test for minute quantities of aconitine than 
any chemical reaction, and in preparing the material used in this 
enquiry, the recrystallisation of the isaconitine hydrochloride was 
contivued until a saturated solution of the salt produced no tingling 
when tested in the manner above described. The complete removal 
of these minute traces of aconitine is frequently a very long operation. 

The crystals of the salt deposited from aqueous solution and air-: 
dried were analysed with the following results :— 


I, 0°3543 lost 0°01 H,O at 100°, and gave 0°0721 AgCl. H,0 = 
2°82; Cl = 5°03 per cent. 
IT, 0°2919 lost 0-0088 H,O at 100°, and gave 0°0621 AgCl. H,0 = 
3°01 ; Cl = 5°26 per cent. 
IIT. 0°3755 gave 0°0794 AgCl. Cl = 5:24 per cent. 
CyH,sNO,,HC1,H,0 requires H,O = 2°56; Cl = 5-06 per cent. 


When crystallised from a hot solution, as previously described in 
connection with the isolation of isaconitine, small crystals are obtained. 
Large crystals, often well defined, may be produced by the slow 
evaporation of an aqueous solution, or by the cautious addition of 
ether to a solution of the salt in alcohol. When pure, the crystals, 
dried at 100°, melt at 268° (corr.). 

On some occasions what is apparently an isomeric form of the salt 
has been obtained melting at 217° (corr.). 

Like the corresponding aconitine compound, an aqueous solution 
of the salt is levorotatory. The specific rotation has been calculated 
from the following data :— 


a[15°] = 1°99’; 1=4dm.;¢=1, 


100 x 1°15° 


ix a4 [a]p = —28°74°. 
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The specific rotation of aconitine hydrobromide (Parts I and JI) 
is [2]p = —30°47°, from which it would appear that aconitine and 
isaconitine salts are about equally levorotatory. 

The hydrobromide, C3H,NO,,HBr, crystallises in needles melting 
at 282° (corr.), and closely resembles the hydrochloride. 

The hydriodide, Cs3HyNO,,HI, forms granular crystals, like those 
of aconitine hydriodide. Like this salt, it is sparingly soluble in 
water; it is, therefore, precipitated when potassium iodide is added to a 
solution of isaconitine hydrochloride. The crystals melt at 246° (corr.). 
An aqueous solution of this salt is levorotatory, [a]p = —26-94°. 


Reaction of Isaconitine with Auric Chloride. 


Auric chloride reacts in a remarkable manner with isaconitine 
hydrochloride. When aqueous solutions of these salts are mixed, a 
bulky yellow precipitate is thrown down, which in its appearance re- 
calls the precipitate produced under the same conditions with aconitine 
hydrochloride. When this precipitate, dried over calcium chloride, is 
dissolved in alcohol, and the solution slowly evaporated in a desiccator, 
almost colourless crystals separate. These melt with decomposition 
at 204°. They are more readily obtained by adding light petroleum 
to the strong alcoholic solution, and allowing the mixture to stand. 
The original precipitate has been dissolved in various liquids, always 
with the same result, that on evaporation the nearly colourless 
crystals are deposited, entirely differing from the yellow crystals of 
aconitine aurochloride which are produced under similar conditions. 

On analysis, this compound furnished the following data :— 


I. 0°2033 gave 0°0436 Au and 0°0645 AgCl. 
II. 01533 ,, 0°0334Au ,, 00480 AgCl. 


Found. Calculated for 


| 
1. I.  CyHgNO, HCl, AuCh, CyyH,,(AuCl,)NO,,. 


wee 2144 21°79 19°87 21°46 
7°88 “74 14°40 777 


It thus appears that this salt, which is colourless when quite pure, 
is not an aurochloride, but an awrochloro-derivative of isaconitine, in 
which one atom of hydrogen in the alkaloid is replaced by the group 
AnCl,. The formation of this compound is represented by the equa- 
tion :— 


C,;H,y;NO..,HCl + AuCl, = = C;;H,,(AuCl,)NO,, + 2HCIl. 


(Isaconitine (Aurochlor- 
hydrochloride.) isaconitine.) 
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The only alkaloidal compound of this type which has been obtained, 
so far, is the aurochlorocaffeine, of which an account was given to 
the Society by one of us a short time ago (this vol., p. 195). 

Aurochlorisaconitine differs, however, from aurochlorocaffeine in 
the important respect that it is not converted by the action of hydro. 
gen chloride into the aurochloride, C3,HyNO,.,HCI,AuCl;. Possibiy, 
the yellow, amorphous precipitate obtained by the interaction of 
aqueous solutions of the two salts is the aurochloride which loses two 
molecular proportions of hydrochloric acid when it is dissolved. 

The formation of this interesting derivative constitutes ‘a trust- 
worthy method of identifying isaconitine, and of distinguishing it 
from aconitine, since this alkaloid furnishes, under the same condi- 
tions, a stable aurochloride, which apparently shows no sontemy to 
pass into an aurochloro-derivative. 


Hydrolysis of Isaconitine. 


Isaconitine undergoes hydrolysis when it is heated for many hours 
with water in a closed tube. Potash and soda effect the hydrolysis of 
the alkaloid most easily, and, indeed, act even in the cold. So far as 
we have been able to compare the behaviour of the two alkaloids, - 
isaconitine appears to be more easily hydrolysed by alkalis than 
aconitine. Ammonia acts least rapidly, and in dilute solutions very 
slowly indeed. 

We have made a number of experiments with pure isaconitine in 
order to-ascertain the nature of the hydrolytic products and the pro- 
portions in which they are formed. 

By heating the base with water at 130° for 48 hours, some darken- 
ing occurred, and it was found that hydrolysis was nearly complete. 
The resulting solution, being acid, was made alkaline with ammonia 
and extracted with ether, which removed only traces of unaltered 
isaconitine. It was now acidified with hydrogen chloride, and again 
extracted with ether, which removed a solid acid, slightly soluble in 
cold water. After crystallisation, this acid melted at 121°, and exhi- 
bited all the properties of benzove acid. Noalcohol or other acid could 
be detected. 

The amount of benzoic acid formed from the weight of alkaloid 
taken corresponded with 18°5 per cent. 

The acid liquid, which had been extracted with ether, was now 
made alkaline with ammonia, and extracted with chloroform. This 
removed a base which was left as a coloured varnish, on the evapora- 
tion of the chloroform, and could not be crystallised. 1t dissolved 
readily in alcohol and in water, but was nearly insoluble in ether. A 
further quantity of this substance was obtained by neutralising the 
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acid liquid, evaporating to dryness, and extracting the residue with 
alcohol. 

Other experiments were made in order to ascertain the nature of 
this base, which exhibited a very marked resemblance to aconine, the 
hydrolytic product of aconitine, but considerable difficulty was experi- 
enced in purifying it from the coloured products which were formed 
along with it during hydrolysis. Many hydrolyses were made in 
aqueous, alkaline, and acid solutions, necessarily with small quantities 
of materials, and owing to the difficulty of purifying the pruduct, the 
pure base was not obtained in sufficient quantity for complete 
examination. These experiments proved conclusively, however, that 
benzoic acid was the constant and only acid product of hydrolysis, 
and that it is formed in the same proportion as when aconitine is 
hydrolysed, namely, 18°5 per cent. It was thus rendered highly 
probable that the basic product of hydrolysis was aconine, or a com- 
pound isomeric with it. 

To settle this question, we prepared a fresh quantity of several 
grams of pure isaconitine from the total alkaloid of A. Napellus, a 
long and tedious operation. The hydrolysis was effected by adding 
considerable excess of aqueous soda to a strong aqueous solution of 
isaconitine hydrochloride. The liquid was warmed on the water-bath 
for two hours, and then allowed to stand for about 24 hours at the 
ordinary temperature, after which hydrolysis was complete, ether 
extracting virtually nothing from the solution. 

The alkaline solution was now acidified with hydrochloric oth 
and the benzoic acid extracted with ether. The acid liquid was then 
neutralised, evaporated to dryness, and the residue extracted with 
alcohol. The residue left on evaporating the alcohol was extracted 
with chloroform, and the salt left on distilling off the chloroform dis- 
solved in water. By slow evaporation, the characteristic crystals of 
aconine bydrochloride separated. These were drained on a tile and 
recrystallised by the cautious addition of ether to an alcoholic solu- 
tion. This salt exactly corresponded in its properties with the crys- 
talline aconine hydrochloride obtained from aconitine and described 
in Part IIT. It was there shown that the salt is levorotatory, [a ]p = 
-—7 71°. The salt derived from isaconitine was found to be levo- 
rotatory to the same extent. The following results were obtained 
with an aqueous solution :— 


a[15°] = 03706; 1 = 2dm.; ¢ = 2°398 (anhydrous salt), 
100 x 03706 — _».m90 

ax za9g Mle = 772". 

Like aconine hydrochloride, the salt began to melt at 176°, and 
degompused with effervescence at about 191°. It has been shown that 


whence 
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aconine hydrochloride crystallises with 2H,O, one being lost at 106°, 
and the other at 120°. The amount of water was therefore deter- 
mined in the salt derived from isaconitine, and as a further con. 
firmation of its composition, the chlorine was estimated. The follow- 
ing results were obtained :— 


I. 0°2488 lost 0°0066 H,O at 100°. 
Il. 02044 ,, 0°0056 H,O at 100°, 0:0059 more H,O at 120°, and 
gave (0496 AgCl. 
ITI. 0°1791 lost 0°0046 H,O at 100°, 0°0055 more H,O at 120°, and 
gave 0°0432 Ag(l. 


Found. 
cs_-- Calculated for 
I. _. C,H, NO,,,HC1,2H,0. 


Water at 100°... 265 2°74. 2°56 percent. 2°94 per cent. 
Water at 120°... — 563 563 ,, 588s, 
Chlorine 60 596 ,, 5°76 ,, 


On combustion, the following results were obtained :— 
0°1282 air-dried salt gave C = 50°58. H = 7°60 per cent. 
C.,HNO,,,HC1,2H,0 requires C = 50°69; H = 7°47 per cent. 


The salt is thus proved to have the same composition as aconine 
hydrochloride, with which it appears to be identical in every respect. 


From the pure hydrochloride the base was regenerated as a nearly 
colourless varnish. Like aconine, it dissolved in water, forming a 
powerfully alkaline solution, capable of expelling ammonia from its 
salts. The solution also acted as a powerful reducing agent. We 
have most carefully compared the properties of the aconine from 
aconitine with that derived from isaconitine, and have been unable to 
detect any difference between them. 

Isaconitine, then, not only has the same composition as aconitine, 
but it also furnishes on hydrolysis the same proportions of benzoic 
acid and aconine. The decomposition of both alkaloids is therefore 
represented by the same equation :— 


C;H,yNO,, + H,O = C,H,O, + CxsHyNOn. 


We hope shortly to be able to throw some light on the nature of the 
relationship which subsists between these two alkaloids ; from the dif- 
ference in their reactions with auric chloride, it is clear that the 
isomerism is more deep-seated than that subsisting between atropine 
and hyoscyamine. In fact it is certain that there is a distinct 
structural difference in the constitution of the two substances, and 
not merely a stereochemical difference. It is probable that this 
difference resides in the atoms or groups which are attached to, or in 
the immediate neighbourhood of, the nitrogen atom. 
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On the other hand, the asymmetric carbon atoms, or atoms which 
confer on aconitine its rotatory power, would appear to be also pre- 
sent in the molecule of isaconitine, since the salts of both alkaloids 
are optically active in the same direction, and nearly to the same 
extent. 

That the constitutional connection of aconitine and isaconitine is 
very close, and the structural difference between them is but small, 
is evident from the identity of the hydrolytic products, which, more- 
over, are formed in the same proportion. 

It should be remarked that isaconitine differs both in composition 
and properties from the amorphous bases described by previous 
workers as existing in A. Napellus. It may be safely inferred from 
the great difficulty we have experienced in isolating isaconitine, and 
from the circumstance that special methods of purification have been 
found to be necessary, that these “‘ amorphous bases ”’ were not single 
substances but mixtures. 

Although isaconitine bears certain resemblances to the amorphous 
picraconitine once, but only once, obtained by T. B. Groves from a 
collection of roots supposed to be those of d. Napellus, it is evidently 
an entirely different substance. Picraconitine was found by Alder 
Wright to contain 62°91 per cent. of carbon and 7°88 per cent. of 
hydrogen, its composition being expressed by the formula C,,HyNO,. 

The substance called “ napelline” by Hubschmann was undoubtedly 
a mixture. 

Jurgens (Inaug. Dissert., Dorpat, 1884) obtained from the root of 
A. napellus an amorphous base which contained 67°74 per cent. of 
carbon and 8°4 per cent. of hydrogen. No proof was given of its 
homogeneity. 


Physiological Action of Isoaconitine, 

Professor Cash, of Aberdeen, has kindly undertaken to investigate 
the physiological action of the pure alkaloids which we are obtaining 
from A. Napellus. Our knowledge of the physiological action of 
aconitine and the aconite alkaloids is at present no less confused than 
that of their chemistry. 

Professor Cash’s investigation is not yet completed, but some inter- 
esting preliminary results have been obtained by a comparison of 
the physiological action of acoritine and isaconitine. The behaviour 
of the two alkaloids, although in some respects similar, appears to be 
generally distinct. Moreover, whilst aconitine is a most violent 
poison, even in excessively minute doses, isaconitine is only toxic to 
small animals when exhibited in comparatively large doses. With 
guinea pigs, it was found that whilst the lethal quantity (per kilo. 
of the animals’ weight) of aconitine, administered as a solution of 
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the hydrochloride by hypodermic injection, was only 0-000064 
gram (U°001 grain), that needed of isaconitine under the same con- 
ditions was between 0°0194 and 0°0259 gram (0°3—0'4 grain). Inthe 
case of frogs, it was observed that an average animal, weighing about 
25 grams, was killed by 0°000032 gram (0°0005 grain) of aconitine, 
whereas U°00453 gram (0°07 grain) of isaconitine was needed to pro- 
duce a lethal result. 


Research Laboratory of the 
Pharmaceutical Society, London. 


XXVIII.—Action of Phosphoric Anhydride on Fatty Acids. Part III. 


By F. Srantey Kippine, Ph.D., D.Sc. 


Tue results of an investigation of the action of phosphoric anhydride 
on some of the fatty acids have already been communicated (Trans., 
1890, 57, 532, 980) ; in the present paper, further experiments on the’ 
same subject are described, and it is shown that caprylone,* 


(C,H,s),CO, nonylone, (C,H,;),CO, and myristone, (C,;H.;),CO, can 
be easily prepared by the decomposition of the corresponding fatty 
acids. ‘lhe oximes of these ketones, the secondary alcohols obtained 
from the ketones by reduction, and the acetyl derivatives of some of 
the alcohols have been prepared and characterised, chiefly with the 
object of ascertaining whether any regularities could be observed in 
the melting points of the compounds (see following paper). 

Judging from the behaviour of the seven acids which have now 
been studied, it may be concluded that all the normal fatty acids of 
the general formula C,H.,+,-COOH, from heptylic acid up to stearic 
acid, would be decomposed by phosphoric anhydride at a suitable 
temperature, giving a ketone (C,H2+:),CO, which would increase in 
quantity from about 30 to about 50 per cent. of the theoretical in 
passing up the series; it is also probable that the higher fatty acids, 
such as cerotic acid, C,H,,O,, for example, would give considerably 
more than 50 per cent. of the theoretical yield of ketone on treatment 
with phosphoric anhydride. 

Some experiments have also been made with fatty acids below 
heptylic acid in the series; but although these are readily decomposed 
by pbosphoric anhydride, with evolution of carbonic anhydride, the 
quantity of ketone formed is small. 

Asa method for the preparation of the higher ketones from the 
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fatty acids, decomposition with phosphoric anhydride seems to have 
certain advantages over the older method, namely, that of distillation 
of the calcium or barium salt of the acid; it is a much simpler 
operation, occupies less time, and gives a crude product from which 
the ketone is easily isolated; the yield seems to be as good, or better, 
than that obtained by the older method. 

It was first shown by Williamson (Quart. J. Chem. Soe., 1851, 4; 


238) that mixed ketones of the general formula 7 ™+!>CO are 


C,’ 2n'+1 
produced by the distillation of a mixture of the barium or calcium 
salts of two fatty acids; such mixed ketones can also be obtained by 
treating a mixture of two fatty acids with phosphoric anhydride, 
as will be shown below; in the latter, as in the former case, they 
are accompanied by the two simple ketones (C,H2+:),CO and 
(CyHow'+:)2CO. 


Preparation of Caprylone, (C;H,s).CO. 


For the preparation of this ketone, anhydrous caprylic acid was 
heated in a deep, narrow beaker placed in a metal-bath, until a ther- 
mometer dipping into the acid registered a temperature of about 
140°; phosphoric anhydride was then added in small quantities at 


a time, stirring constantly. A considerable rise of temperature 
was observed, the mixture darkened, and a brisk effervescence, due 
to the escape of carbonic anhydride, set in. The addition of the 
anhydride was continued until about 85 grams had been employed 
for 15 grams of the acid, the quantity theoretically necessary for the 
decomposition being 7°6 grams. The dark brown mixture was then 
heated to 210°, kept at this temperature for a few minutes, allowed 
to cool, transferred to a flask, and submitted to distillation with 
steam. The first portions of the aqueous distillate contained an oil 
which did not solidify on cooling, and which consisted of a mixture 
of caprylic acid and caprylone; the receiver was changed as soon as 
the oil passing over was found to solidify readily, as by so doing the 
acid was more easily recovered. 

When the whole of the ketone had passed over, the distillate con- 
taining the solid product was allowed to cool, and the ketone sepa- 
rated by filtration; the distillate containing the liquid mixture was 
shaken with sufficient soda to dissolve the caprylic acid, and the 
ketone, which immediately solidified, was separated by filtration and 
added to the main portion of the product. 

The caprylone prepared in this way is usually slightly coloured, 
but is practically pure; when dried on porous earthenware, it 
becomes almost colourless, and then melts at 38—40°. 
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A sample, which had been recrystallised from dilute methyl alcohol 
and then dried at 100° was analysed. 


01715 gave 0°5002 CO, and 0°2037 H,O. C = 79°54; H = 13:19, 
C\sHyO requires C = 79°64; H = 13°27 per cent. 


Pure caprylone crystallises from dilute methyl alcohol in colourless, 
waxy plates melting at 40°5°; it is readily soluble in the ordinary 
organic solvents, but insoluble in water; it is only slowly volatile 
with steam. This ketone has heen previously prepared by Guckel- 
berger (Annalen, 69, 201) by the distillation of barium caprylate 
with lime; the melfing point given by him is 40°. 

The alkaline solution from which the crude caprylone had been 
separated in the above-mentioned manner contained a variable 
quantity (2—5 grams) of caprylic acid; on acidifying with sulphuric 
acid, extracting with ether, and evaporating the dried ethereal sola- 
tion, the acid was recovered in a colourless condition, and was used, 
preferably after having been distilled, in subsequent operations. 

Various experiments were made in order to try and ascertain the 
most suitable conditions for the preparation of caprylone; when the 
operation was conducted in the manner described above. the yield of 
pure caprylone was 25—30 per cent. of the theoretical, the quantity 
of acid recovered being taken into consideration. When a rather 
larger proportion of phosphoric anhydride was employed, a smaller 
quantity of acid escaped decomposition and a rather larger quantity 
of ketone was obtained ; the yield, however, was only about 25 per 
cent. of the theoretical, because, in decomposing the last portions of 
the acid, a larger proportion of ketone was converted into tarry 
products than was the case at the commencement of the operation. 
The formation of these tarry substances was invariably observed in 
the preparation of ketones by this method (compare earlier papers), 
but they were of so uninviting a character that no attempt was made 
to determine their composition. 


Caprylone Oxime, (C;H,s,)2C-NOH. 


This compound was obtained without difficulty by treating an alco- 
holic solution of caprylone with hydroxylamine and a large excess of 
potash inthe usual manner. After keeping the solution for about two 
days at the ordinary temperature, the alcohol was evaporated on the 
water-bath, and the colourless oil which separated from the solution 
extracted with ether. On evaporating the ethereal solution, the 
oxime was obtained as an oil, which slowly solidified to a mass of 
colourless crystals when kept over sulphuric acid in a cocl place; 
these crystals were spread on porous earthenware to free them from 
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traces of oil, and further purified by recrystallisation from cold, dilute 


methyl] alcohol. 
The nitrogen was determined in a portion of the pure substance. 


01761 gave 9°4.c.c. N, at 10°and 740 mm. N = 6:2. 
C,sH;,NO requires N = 5°8 per cent. 


Caprylone oxime crystallises in colourless plates, melts at 19°5—20°, 
and is very readily soluble in cold ether, methyl alcohol, light petr- 
oleum, and benzene; it seems to be insoluble in water, sodium carbon- 
ate, and soda, and, although it liquefies when treated with concentrated 
hydrochloric acid, it does not dissolve. It is not easily recrystallised, 
owing to its low melting point, and, unless the solvent is well cooled, 
it is almost invariably deposited as an oil. 


Dicaprylearbinol, (C;His),CH-OH. 

Caprylone is readily reduced by sodium and alcohol, yielding the 
secondary alcohol dicaprylcarbinol. 

The pure ketone was dissolved in a considerable quantity of 96 per 
cent. alcohol, and small blocks of sodium gradually added to the 
solution, which was placed in a flask connected with a reflux con- 
denser ; towards the end of the operation, the flask was heated on a 
water-bath, in order to prevent the separation of sodium ethoxide, 
which would have retarded the solution of the metal. After adding 
a large excess of the theoretical quantity of sodium, the solution was 
allowed to cool, water added to dissolve the sodium ethoxide, and the 
dicaprylearbinol, which was precipitated in a solid condition, sepa- 
rated by filtration. The product was well washed with water, 
dissolved in warm alcohol, and the solution treated with water until 
a turbidity was produced; on cooling, the pure compound was de- 
posited in colourless, waxy plates. 

The analysis of the alcohol gave the following result. 


0'1672 gave 0°4828 CO, and 0°2098 H,O. C = 78°75; H = 13°94. 
C,sHs,0 requires C = 78°94; H = 14°04 per cent. 


Dicaprylcarbinol crystallises in waxy plates and melts at 49°5—50°. 
It is moderately easily soluble in alcohol, but seems to be con.pletely 
precipitated on adding water; it dissolves freely in chloroform, light 
petroleum, and other organic liquids. It is slightly volatile even at 
100°, and, when heated in small quantities, it distils without visible 
decomposition under the ordinary atmospheric pressure. 


Preparation of Nonylone, (CsHi:)2CO. 


It will be unnecessary to describe the preparation of this ketone in 
full, as the process was carried out in the earlier stages exactly as 
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described in the case of caprylone; the following facts, however, may 
be mentioned. On adding a little phosphoric anhydride to anhydrous 
nonylic acid and then heating. a brisk effervescence set in at about 
170°; about 8 grams of the anhydride were used for the decemposi- 
tion of 15 grams of the acid, and the temperature was raised to about 
210° at the end of the operation. 

The ketone was isolated from the black pasty product in one of 
two ways. Firstly, by the method employed in the case of caprylone, 
namely, steam distillation. The advantages of this method were 
that the ketone was obtained in an almost pure condition, and that 
the undecomposedeacid (2—5 grams) was recovered; the disadvan- 
tage was that the process occupied a long time, owing to the slight 
volatility of the ketone. The second method used was similar to that 
previonsly described in the cases of laurone, palmitone, and stearone 
(Trans., 1890, 5'7, 532, 980), namely, extraction of the ketone with 
dilute alcohol. This process was found to be very much more 
rapid, but the crude ketone which was deposited from the alco- 
holic extracts was of a dark-yellow colour, and had to be crystal- 
lised two or three times before it was obtained colourless ; it was not 
found necessary to treat the black, pasty product with potash before 
extracting with alcohol, as was done in other cases, because the- 
nonylic acid was not deposited from the cold alcoholic extracts ; the 
disadvantage of this method was that the recovery of the nonylic acid 
was rather troublesome. 

The yield of pure nonylone was about 28—30 per cent. of the 
theoretical, as the average of several experiments, the quantity of 
acid recovered being taken into consideration ; the recovered acid was 
so pure that, after having been distilled, it solidified completely when 
kept in a cool place, and then melted at 11—12°. 

The following are the results of an analysis of the pure ketone. 


0°1609 gave 0°4734 CO, and 0°1957 H,O. C = 80°24; H = 13°51, 
(CsH,;),CO requires C = 80°31; H = 13°38 per cent. 

Nonylone crystallises from warm methyl alcohol, and from acetic 
acid in large, transparent, lustrous plates, and melts at 50°5°; it 
dissolves freely in most of the ordinary organic solvents, except in 
cold methyl and ethyl alcohol, in which it is only sparingly soluble; 
it seems to be insoluble in water. 

Nonylone seems not to have been prepared before, and is not men- 
tioned in the latest edition of Beilstein’s Handbuch; in Richter’s 
Organische Chemie (1891, p. 213), a ketone, caprinone, (CsH;;).CO, 
melting at 58°, is mentioned as having been obtained by the distillation 
of a salt of capric acid; the composition of this ketone is evidently 
incorrectly given, because caprinone, (C,H,»),CO, melts at 58°, accord- 
ing to Grimm (Annalen, 157, 270). 
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Nonylone Oxime, (C,Hy;)2C-NOH. 


When nonylone was treated with hydroxylamine hydrochloride 
in dilute alcoholic solution at the ordinary temperature, and, after 
keeping for three days, the alcohol evaporated on the water-bath, the 
ketone separated es an oil, which solidified on cooling, and then 
melted at 50°; it would seem, therefore, that nonylone does not com- 
bine with hydroxylamine hydrochloride. The oxime, however, was 
easily prepared by treating the ketone with hydroxylamine in the 
presence of a large excess of potash; it was isolated in the manner 
already described in the case of caprylone oxime, and was obtained 
in the form of an almost colourless oil, which solidified when kept 
at 0° for a short time, but melted again at the ordinary temperature. 

A nitrogen determination was made with a portion of the oil which 
had been kept over sulphuric acid under reduced pressure. 


0°1622 gave 7°5 c.c. N, at 20° and 750 mm. N = 5:3. 
C,,H,sNO requires N = 5°2 per cent. 


Nonylone oxime crystallises in colourless, waxy plates, and melts 
at 11—12°; it dissolves freely in alcohol, ether, &c., but seems to be 
insoluble in water and in soda. It is slightly explosive under certain 
conditions; in making a nitrogen determination, the substance was 
mixed with a little copper oxide, and heated in a tube from which the 
air had been exhausted, but unless the temperature was raised very 
carefully, decomposition took place so suddenly that the india-rubber 
corks and contents of the tube were blown out. 


Dinonylcarbinol, (C.H,;),CH-OH. 


This secondary alcohol was easily obtained by reducing the ketone 
with a large excess of sodium in boiling alcoholic solution, exactly as 
described in the preparation of dicaprylcarbinol ; the crude product 
precipitated from the alcoholic solution by adding water, was well 
washed with cold water, and recrystallised from boiling dilute 
alcohol. 

The substance analysed was dried at 100°. 


0'1681 gave-0°4891 CO, and 02171 H,O. C = 79°35; H = 14°35. 
C,;HyO requires C = 79°68; H = 14:06 per cent. 


Dinonylearbinol crystallises from hot dilute alcohol in lustrous, 
colourless, waxy plates, melting at 60°5—61°; it seems to be insoluble 
in water, but is moderately easily soluble in alcohol, and readily in 
most of the other ordinary solvents. When heated in small quantities, 
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it distils under the ordinary pressure, without visible decomposition, 
giving off very irritating vapours. 


Preparation of Myristone, (C,;H:;),CO. 


In preparing this ketone, pure, dry myristic acid melting at 53—54° 
was employed, 15 grams being taken for each operation ; with regard 
to the temperature at which decomposition took place, it was found 
that effervescence commenced at about 130—150°, but that unless the 
temperature was finally raised to about 200°, a large proportion of the 
acid escaped decomposition. In one experiment, 15 grams of the 
acid were treated with 8 grams of phosphoric anhydride, but the tem- 
perature of the mixture was kept just below 150°; very little ketone 
was formed, and most of the acid was recovered unchanged. 

As myristone could not be isolated by distilling with steam, it was 
found to be advantageous, for the reason previously stated (Joc. cit.), 
to employ sufficient phosphoric anhydride to decompose almost the 
whole of the acid; otherwise the purification of the product was 
rather troublesome ; when 15 grams of the acid were taken, about 
9 grams of the anhydride were found to be necessary. 

The ketone was isolated exactly as described in the case of laurone,: 
being purified by recrystallisation from alcohol, with addition of 
animal charcoal. The yield of the pure substance was 38—43 per 
cent. of the theoretical, without taking into account the small quan- 
tity of myristic acid which escaped decomposition, and which was not 
easily recovered. 

The purity of the myristone prepared in this way is shown by the 
following analysis. 


0°1766 gave 0°5305 CO, and 02147 H,O. C = 81:99; H = 13°50. 
Cx»H,,0 requires C = 82°23; H = 13°71 per cent. 


Myristone seems to have been first obtained by Overbeck (Annalen, 
94, 290), by the distillation of calcium myristate, and has been more 
recently prepared by Krafft in a similar manner from the barium salt 
(Ber., 15, 1713); in neither case is the yield stated, so that it could 
not be compared with that obtained by decomposing the acid with 
phosphoric anhydride. The melting point of the ketone was found 
to be 76—77°, in accordance with Krafft’s observations. 


Myristone Oxime, (C,3;H2;),C:NOH. 


This substance was prepared in the usual manner, except that the 
strongly alkaline alcoholic solution of the ketone, hydroxylamine, 
and potash was heated on a water-bath for about three hours, after 
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having been kept at the ordinary temperature for two or three days; 
after adding a little water and allowing to cool, the oxime was sepa- 
rated by filtration, well washed with warm water, and recrystallised 
from hot dilute alcohol. 

Myristone oxime separates from dilute acetic acid and from alcohol 
in the form of a colourless powder, which, when examined under the 
microscope, appears to consist of ill-defined plates. It has been 
previously prepared by Spiegler (Monatsh., 5, 242), who found its 
melting point to be 51°; the substance prepared in the above-men- 
tioned manner melted at 47—48°, and its melting point underwent no 
change on recrystallisation. Like nonylone oxime, it is slightly explo- 
sive under certain conditions, although, when heated on a platinum 
spatula, it burns quietly. 


Dimyristylcarbinol, (C\sH27),.CH-OH. 


The method of preparing this substance was the same as that 
already described under dicaprylcarbinol; as the separation of any 
unchanged myristone would have been a matter of some difficulty, a 
very large excess of the theoretical quantity of sodium was employed, 
and the crude secondary alcohol was treated again with sodium and 
alcohol, in Order to ensure complete reduction; the product was well 
washed with water, recrystallised from hot dilute alcohol, and dried 
over sulphuric acid. 

The pure substance gave the following results on analysis. 


0'1533 gave 0°4608 CO, and 0°1933 H,O. C = 81:98; H = 14°09. 
CxH;.0 requires C = 81°81; H = 1414 per cent. 


Dimyristylcarbinol separates from boiling alcohol and from hot 
light petroleum in colourless, ill-defined crystals, and melts at 
80°5—81°5° ; it is insoluble in water, and only very sparingly soluble in 
cold alcohol, but moderately easily in hot alcohol, and readily in chloro- 
form ; when heated in small quantities, it gives off vapours having a 
very irritating odour, but no appreciable decomposition is observed. 


Dimyristylcarbinyl Acetate, (CisHx),CH-OAc. 


When the alcohol just described was boiled for about six hours 
with excess of acetic anhydride, it seemed to be completely converted 
into its acetyl derivative ; after distilling off most of the acetic an- 
hydride under the ordinary pressure, the residue was boiled for a short 
time with dilute alcohol, and the acetate then precipitated by adding 
water; the crude substance was separated by filtration, recrystallised 
from boiling alcohol, and dried over sulphuric acid. 
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The acetate prepared in this way was a colourless, granular, appa- 
rently amorphous powder, and melted at 45—45°5° ; it was dissolved 
in hot alcohol, and fractionally precipitated with water; the first and 
the last fraction had the same melting point, namely, 45—45°5°, It 
was very readily soluble in chloroform, ether, and carbon bisulphide, 
but only moderately easily in cold alcohol, and apparently insoluble in 
water. 


Action of Phosphoric Anhydride on Caproic acid. 


The behaviour of caproic acid with phosphoric anhydride is, on 
the whole, very similar tg that of heptylic acid (Trans., 1890, 57, 
532); decomposition sets in at about 160° with evolution of carbonic 
anhydride and formation of caprone, (C;H,,)sCO. 

A great many experiments were made with this acid under various 
conditions in order to try and obtain a good yield of ketone; in some 
cases, the phosphoric anhydride was previously mixed with about 
10 parts of dry quartz sand, in order if possible to moderate its 
action, but this was found to be impossible, a large quantity of tarry 
matter being invariably formed. 

When avhydrous caproic acid was treated with a slight excess of 
the theoretical quantity of phosphoric anhydride under conditions. 
similar to those employed in preparing dihexy! ketone (Joc. cit.), and 
the product submitted to distillation with steam, an oil, consisting of 
a mixture of caproic acid and crude caprone, collected in the receiver. 
The acid having been separated by solution in soda, the ketone was 
extracted with ether and distilled under the ordinary atmospheric 
pressure ; the portion passing over between 220° and 230° formed 
about 70 per cent. of the crude product, and gave on analysis the 
following results. 


0°1800 gave 0°5040 CO, and 0°2078 H,O. C = 76°36; H = 12°82. 
(C;sHy,).CO requires C = 77°65; H = 12°94 per cent. 


The yield of crude ketone was about 4 grams from 20 grams of 
the acid; as a large quantity of the acid, namely, about 10 grams, 
was recovered in a pure condition, the yield amounted to about 
27 per cent. of the theoretical. 


Action of Phosphoric Anhydride on Isobutyric acid. 


Several experiments were made with this acid, but the results 
were not at all satisfactory ; a large proportion of the acid escaped 
decomposition even when excess of the theoretical quantity of an- 
hydride was used, and the neutral oil, which was produced only im 
small quantities, seemed to be very impure. 
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. These results show that the preparation of a ketone from a fatty 
acid below heptylic acid in the series cannot be advantageously 
accomplished with the aid of phosphoric anhydride, 


Action of Phosphoric Anhydride on the Chloracetic acids. 


Trichloracetic acid, curiously enough, proved to be very stable 
towards phosphoric anhydride; on adding a small quantity of the 
anhydride to the boiling acid, no visible action took place for some 
time; on prolonged boiling, the mixture darkened, but only a very 
small quantity of the acid seemed to have been decomposed. 

Boiling chloracetic acid was decomposed by phosphoric anhydride 
much more readily than the trichloro-derivative, the mixture rapidly 
darkening, but when the theoretical quantity of the anhydride was 
used a large proportion of the acid was unchanged; dichloracetone, 
which would have been easily recognised by its irritating odour, 
appeared not to be formed even in small quantities. 


Action of Phosphoric Anhydride on a Mixture of two Fatty Acids. 


A mixture of the barium or calcium salts of two fatty acids of the 
general formula C,H;,0, yields three ketones on dry distillation ; 
a mixture of barium acetate and barium palmitate, for example, 
would give methyl palmityl ketone, CH;CO-C,,Hy, and the two 
simple ketones acetone and palmitone; when, however, one of the 
salts is present in large excess, it would appear, from the statements 
of Krafft (Ber., 12, 1664), that the formation of. one of the simple 
ketones is toa great extent prevented. Mixed ketones are also formed, 
as was shown by Perkin (Trans., 1886, 49, 317), when the sodium 
salt of one fatty acid is treated with the anhydride of another ; 
again in this case the mixed, seems to be accompanied by two 
“simple, ketones. 

It appeared probable that the action of phosphoric anhydride on a 
mixture of two fatty acids would also result in the formation of one 
mixed and two simple ketones, which could be easily separated and 
isolated, provided that the two acids differed very considerably in 
molecular weight; the following experiment proved this to be the 
case, Ps 

A mixture of equivalent quantities of heptylic and palmitic acids 
was heated to about 180°, in a deep, narrow beaker, placed in a metal- 
bath, and the theoretical quantity of phosphoric anhydride gradually 
added, the mixture being well stirred ; a considerable development of 
heat occurred, carbonic anhydride was evolved, and the mixture 
“darkened, becoming almost black. After gradually raising the 
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temperature to about 220° and then allowing to cool, the pasty pro. 
duct was stirred up with water and submitted to distillation with 
steam as long as oil passed over; this oil was agitated with potash to 
dissolve the heptylic acid, and the insoluble portion, which im. 
mediately solidified, was separated by filtration, and purified by re- 
crystallisation from cold dilute methy! alcohol. 

The pure ketone obtained in this way melted at 30°5° and was 
identical with the dihexyl ketone, (C.H,;).CO, prepared from heptylic 
acid (Trans., 1890, 5'7, 533). 

The black tarry mass, which remained after distilling the heptylic 
acid and dihexyl ketone with steam, was boiled for a short time with 
excess of potash in order to dissolve the palmitic acid, and the hot 
_ mixture allowed to cool slowly; the dark-brown oil which collected 

at the surface, and solidified on cooling, was well washed with water, 
transferred to a flask, and extracted three or four times with boiling 
alcohol. The yellowish, flocculent substance which was deposited 
from the alcoholic extracts was redissolved in boiling alcohol, the 
solution allowed to cool a little, and then quickly filtered. 

The residue, when dried, melted at about 77°, but after crystal- 
lisation from boiling alcohol it melted at 82°, this melting point 
remaining constant; the substance in question showed all the pro-. 
perties of palmitone, with which it was doubtless identical. 

The. warm alcoholic mother liquors from the palmitone deposited, 
on cooling, an almost colourless, waxy substance, which melted at 
about 55°, but not very sharply; after two or three crystallisations 
from hot methyl alcohol, its melting point rose to 56—57°, and then 
remained constant. 

The sample analysed was dried over sulphuric acid. 


0°1570 gave 0°4674 CO, and 0°1919 H,O. C = 81:16; H = 13°56. 
CHO requires C = 81°48; H = 13°58 per cent. 


It is evident from these results that the action of phosphoric an- 
hydride on a mixture of heptylic and palmitic acids gives rise to the 
two simple ketones, dihexyl ketone or cnanthone, aud palmitone, 
and the mixed ketone hexyl] palmityl ketone, C,H;"CO-C,;Ha, the 
properties of which are described below; although the three pro- 
ducts are very easily separated and obtained in a pure condition, it 
is doubtful whether the method described above can be recom- 
mended for the preparation of mixed ketones, on account’ of the 
small yield. A mixture of 6°5 grams of heptylic acid and 12°8 grams 
of palmitic acid, treated with 11:5 grams of phosphoric anhydride, 
gave 0°9—1 gram of pure dihexyl ketone and 3°1 grams of a crude 
mixture of palmitone and hexyl palmityl ketone; from the latter, 
about 1 gram of each of the compounds can be isolated in a pure 
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state. A small quantity of both acids escapes decomposition, but 
only the heptylic acid can be recovered without difficulty. 


Heayl Palmityl Ketone, C;H,;°CO-C,,;Hs;. 


This substance crystallises from hot methyl alcohol in colourless, 
waxy, ill-defined plates, and melts, as stated above, at 56—57°; since 
dihexyl ketone melts at 30°5° and palmitone at 82°, the melting 
point of this mixed ketone is almost exactly intermediate between 
the two. It is very readily soluble in cold benzene, carbon bi- 
sulphide, chloroform, and hot glacial acetic acid, but only moderately 
easily in hot alcohol, and insoluble in water. It has been previously 
prepared by Krafft (Ber., 15, 1718) by the distillation of a mixture 
of barium palmitate and barium heptylate, but as he merely states 
that the ketone is crystalline, and does not give either its melting 
point, or the yield, it is impossible to form any opinion as to the com- 
parative value of the two methods of preparation. 


Heaxyl Palmityl Ketone Oxime, C.H,;°C(NOH)-C,sH3:. 
In a recent paper (Ber., 24, 4018), Hantzsch. has raised the ques- 


tio whether oximes of asymmetrical fatty ketones of the general 


formula ote *™>C:NOH exist’ in two stereochemically isomeric 
‘n'tAen +1 


forms, and, since these oximes are liquid at the ordinary temperature, 
and no method is known by which the separation of the two iso- 
merides, if present, could be accomplished, he attempted to answer 
the question indirectly. 

For this purpose, various oximes were treated with siiihiniin 
pentachloride and water successively, and the products of the action 
examined, when it was found that, in the case of methyl ethyl 
ketoxime, for example, two structurally isomeric amides, namely, 
methylpropionamide and propylacetamide, or their decomposition 
products, had been formed. 

Now, inasmuch as stereoisomeric oximes were known to yield 
structurally isomeric amides under similar conditions, it was evident 
that the fatty oximes behaved as if they were mixtures of two stereo- 
chemical isomerides ; whether -the two modifications were actually 
present at first, or whether one or other was formed during the treat- 
ment undergone, was of course, as Hantzsch remarks, an open 
question. 

Having a small quantity of hexyl palmityl ketone at my disposal, 
it appeared of interest to prepare its oxime, which, if a solid at 
ordinary temperatures, would lend itself to the solution or elucida- 
tion of this question of the existence of stereochemical isomerides. 
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For the preparation of hexyl palmityl ketoxime the pure ketone 
was dissolved in warm alcohol, the solution mixed with an alcoholic 
solution of potash (4 mols.) and then an aqueous solution of hydroxyl. 
amine hydrochloride (2 mols.) added; after keeping for three days, 
heating to about 70° from time to time, the solution was boiled for 
about three hours, then filtered from potassium chloride, and the 
alcohol evaporated ; the oily substance, which gradually separated 
from the solution, was extracted with ether and isolated in the 
usual way. 

The crude product solidified, on cooling, to a colourless, waxy or 
crystalline mass, which melted at 34—35°; & nitrogen determination 
made with a portion of the dry crude oxime gave the following 
results :— 


0°1548 gave 6'0c.c. N, at 12° and 750mm. N= 45. 
C»H,,NO requires N = 4:1 per cent. 


The crude oxime was dissolved in methyl alcohol and reprecipitated 
from the solution by adding water, the crystalline deposits being 
collected in three approximately equal fractions, which were dried 
over sulphuric acid; the three fractions all melted at the same. 
temperature, namely, at 35—36°, and appeared to be homogeneous 
when viewed under the microscope. 

It would seem from this result that the oximes of asymmetrical 
fatty ketones, when prepared in the usual manner in alkaline solution, 
do not appear in stereoisomeric forms, or that the two modifications, 
unlike those of most other oximes, are not separable by fractional pre- 
cipitation ; unfortunately the material necessary for a more exhaus- 
tive examination of the crude oxime was not at my disposal. 

Hexyl palmityl ketoxime crystallises from cold dilute methyl 
alcohol in long, flat needles, aggregated to form colourless plates; it 
is readily soluble in cold ether, benzene, and light petroleum, but 
appears to be insoluble in water, potash, and concentrated hydro- 
chloric acid; it melts, as stated above, at 35—36°. 


Chemical Department, 
City and Guilds of London Central Institution, 
Exhibition Road, S.W. 


XXIX.—Note on the Melting Points of Compounds of similar 
Constitution, 


By F. Stantey Kipprne, Ph.D., D.Sc. 


THERE are a few well known cases in which certain regularities in 
the fusion points of organic compounds of similar constitution have 
been clearly established. 

Baeyer first pointed out (Ber., 10, 1286) that, in the homologous 
series of normal fatty acids of the general formula C,H,,0O,, the melt- 
ing point of any acid containing an odd number of carbon atoms is 
below that of the next lower homologue. This is also true in 
the case of the homologous acids of the succinic series C,H2,_.0, 
When examined from other standpoints, however, the two series are 
by no means comparable ; the melting points of the acids C,H,,0,, rise 
whilst those of the C,H ,_30, series fall, with every increase of two 
units in the value of x. 

Certain regularities of a rather indefinite character have also been 
observed in the melting points of isomeric substances, more especi- 
ally with regard to those of the isomeric di-substitution products of 
benzene ; although in most, but not in all cases, the para-di-deriva- 
tives melt at a higher temperature than the corresponding ortho- and 
meta-compounds, the difference is extremely variable, and the last 
two exhibit no regularity between themselves. 

Having prepared during the last few years (Trans., 1890, 57, 532, 
980, and preceding paper) a number of ketones, oximes, and secondary 
alcohols, members of homologous series, and directly related not only 
to the fatty acids, but to one another, it appeared of interest to tabulate 
the observed melting points in order to ascertain whether any further 
regularities could be established. 

It will be seen from the following table (p. 466), in which the melt- 
ing points of the several substances are given, that in the series of 
ketones, oximes, and secondary alcohols regularities of a certain kind 
are very marked. 

Considering first the compounds derived from fatty acids which con- 
tain an even number of carbon atoms, that is to say, excluding the 
members of the heptylic and nonylic groups, it will be observed that 
the melting point of the ketone gradually rises in passing up the 
series, but that the difference between the melting points of any two 
consecutive compounds gradually becomes smaller. 
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OF SIMILAR CONSTITUTION. 


Difference between Melting Points of Consecutive Ketones.* 
— 5. Mg — Nz. 2}, — Ny. M3 — My- yy Nye = My — 45. 
26° 17°5° 11° 75° o° 55° 
It will also be observed that the ketone melts at a temperature of 
from 16° to 26° higher than the acid from which it is obtained, and 
that this difference varies, apparently in a regular manner. 


Difference between Melting Points of Ketones and Acids. 
a=5. n= 7. n=9% n=11l n=13, n=I5. n =17. 
16° 24° 26°5° 25° 22°5° 205° 19° 
According to Mills (Phil. Mag., 1884.[5], 17, 175), the melting 
points of ketones of the general formula C,H2,0 may be calculated 
B(x — ¢) 


from the formula a when # = the namber of carbon 


atoms in the molecule, and £,y, and ¢ are coefficients which vary ac- 
cording as x isan odd or even number. The close agreement between 
the observed and the calculated melting points is illustrated by Mills in 
the case of a series of nine ketones, commencing with C,,H;,,0 and ending 
with C;sH;,0. These compounds, however, are apparently not all of the 
same type, the last four in the series being simple ketones of the gene- 
ral formula R,CO, whereas the lower members are mixed ketones of the 


general formula 8. >00. Now, since isomeric ketones, such as 


caprylone, (C;H,;),CO, and methyl myristyl ketone, CH;‘CO:C,;H2:, 
melt at different temperatures, it is clear that the melting points of 
both compounds cannot be accurately given by the formula suggested 
by Mills. If, in fact, the formula be applied in the case of the 
series R,CO, all the members of which are strictly comparable, the 
calculated differ by as much as 2—3'4° from the observed melting 
points of the lower members, as was, of course, to be expected, since 
the coefficients were determined for a different series. 

Regularities are also noticeable in the case of the oximes, which in- 
variably melt at a much lower temperature than the ketones from 
which they are derived; the difference, however, seems to vary in a 
rather irregular manner, and is abnormally small in the case of the 
caprylic compounds. 


Difference between Melting Points of Ketones and their Oximes. 


n=5. n= 7%, n= 9. n= 11. n=13. 2n=15. 2 =1%7. 
—_— 20°5° — 30°5° 29° 25° 25° 


The melting point of a secondary alcohol, R,CH-OH, is always 


* The differences are given in round numbers, 
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higher than that of the ketone from which it has been obtained, the 


difference becoming smaller on passing up the series. 
Difference between Melting Points of Alcohols and Ketones. 


mn=5 m=7 n=9 wn=1l n2= 13. n2n=15. 
— 9°5° — 6°5° 4°5° 2° 


The secondary alcohols melt at a much higher temperature than the 
corresponding acetates, or, in other words, the introduction of an 
acetyl group into the molecule lowers the melting point 35—41°. 


Difference between Melting Points of Alcohols and Acetates. 
a=11l n=13 «a= 15. 
41° 35° 36°5° 

Considering, now, the members of the heptylic and nonylic groups 
as far as the data permit, it will be seen that, on the whole, there are 
the same regularities, but that the differences in melting points are 
usually greater than in the odd series. The difference between the 
melting points of the two ketones is 20°. Each ketone melts about 
40° higher than the acid from which it is obtained, a much greater 
difference than in the odd series; the melting point of nonyloneoxime . 
is 38—39° lower than that of nonylone, the difference again being 
considerably larger than in the odd series. The secondary alcohols, 
as before, melt at a higher temperature than the ketones, the differ: 
ence being 10—11°5°. 

A noteworthy fact relating to hexyl palmityl ketone remains to be 
mentioned ; this mixed ketone, C;H,;"CO-C,;;H», melts at a tempera- 
ture (56—57°) which is practically the mean of the melting points of 
the two simple ketones, hexylone, (C,H:;),CO (m. p. 30°5°), and pal- 
mitone (m. p. 82—83°); whether this is merely a coincidence or a 
general rule cannot be stated, as the necessary data are wanting. 

In conclusion, the author disclaims any intention of attempting to dis- 
cuss authoritatively the question of melting points, the sole object of 
this note being to draw attention to regularities which might otherwise 
have escaped notice; when the ill-defined character of most of the 
compounds examined, the well-known difficulty of separating such 
substances from one another, and the still greater difficulty of estab- 
lishing their purity are borne in mind, it seems very possible that 
some of the melting points may be inaccurate, and that as errors of 
observation are eliminated, the regularities, which are now apparent, 
will assume a more definite character. 


Chemical Department, 
City and Guilds of London Central Institution, 
Exhibition Road, S.W. 
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XXX.—Synthesis of Oxzazoles from Benzoin and Nitriles. 
By Francis R. Jarp, F.R,S., and T. S. Murray, D.Sc. 


Ir was shown by Japp and Wilcock (Trans., 1880, 37, 670) that phen- 
anthraquinone, benzaldehyde, and ammonia react, yielding the oxazole 
CeHe C ‘0 
O,Hy C: ‘N 
given. In this reaction the benzaldehyde is introduced into the new 
molecule as a benzoic acid residue, whilst the quinone takes the form 
of a quinol residue, mutual oxidation and reduction occurring. 

In the reaction which forms the subject of the present communica- 
tion, no such rearrangement occurs. Each residue enters the new 
molecule without change of its state of oxidation; thus we find that’ 
when a mixture of benzoin and benzonitrile is treated with concen- 
trated sulphuric acid, condensation to triphenyloxazole (benzilam), 
C,H; C O 
C,H;° C. LN? 
here changed its state of oxidation may be seen by writing benzoin in the 


ain i ial CoHsC- OH 
automeric form (, 5. ne OH’ 


>C:C,H;, to which the name benzenylamidophenanthrole was 


C-C,H;, takes place; and that the benzoin residue has not 


The following may serve as an account of the mechanism of the 
change :— 
_C,H;CH-OH C,.H;CH—— O50. 0,H, = 


+ NOCH = G5 .60 HN 


——- C.H;-C— 
Tt = i H, + H 
C,H,-C-OH an Hs = on, {POOH + 1.0. 
Substituting an «-halogen ketone for an a-hydroxyketone, and an 
amide for a nitrile, the foregoing condensation is analogous to that 
in which Lewy obtained phenylmethyloxazole by the action of phen- 
acyl bromide on acetamide :— 
CH,Br HO HC—O 
. = o— 

C,H,CO + HN2o CH; 0,H,C n7° CH; + HBr + H,0. 

This is the explanation given by Hantzsch (Ber., 21, 945), whereas 
Lewy (Ber., 21, 930) assumes that the phenacyl group attaches itself 
to the nitrogen atom of the amide, with elimination of hydrobromic 
acid, which would make the compound f-phenyl-u-methyloxazole, 
instead of, as above, a-phenyl-~-methyloxazole.* It will be perceived 


* See Hantzsch’s nomenclature of the azoles (Annalen, 249, 2). 
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that the foregoing explanation of the action between benzoin and 
benzonitrile is in harmony with Hantzsch’s view; indeed, a supposi- 
tion corresponding with that made by Lewy does not appear to be, in 
this case, admissible. 

As Anschiitz and Geldermann (Annalen, 261, 135) have obtained 
azoles by heating benzoin with amides and with thiamides, we 
thought it necessary to prove that the nitrile in our synthesis was 
not first converted by the sulphuric acid into an amide, as in this 
case there would have been nothing new in our method. For this 
purpose, we freated a mixture of benzoin and benzamide with concen- 
trated sulphuric acid, but did not succeed, either by keeping the 
mixture cold or by gently heating it, in obtaining a product contain- 
ing the smallest trace of triphenyloxazole ; nothing resulted but 
the resinous mass which is formed when benzoin alone is treated with 
concentrated sulphuric acid. From the foregoing, it is evident that 
the nitrile acts directly on the benzoin. 

The reaction has been studied in the case of formonitrile, aceto- 
nitrile, propionitrile, and benzonitrile. 


EXPERIMENTAL Part. 


C,H; CO 
’ C,H;° ON 


This compound is obtained by the action of concentrated sulphuric 
acid on a mixture of benzoin and hydrocyanic acid. 

An intimate mixture of 30 grams of benzoin with 60 grams of 
potassium cyanide (98 per cent. KCN) was gradually added to 800 
grams of concentrated sulphuric acid, stirring all the time, and covl- 
ing the beaker containing the mixture with water when the tempera- 
ture showed a tendency to rise too high. The whole was allowed to 
stand for some hours, and then poured into excess of water, when a 
dark-coloured, tarry mass separated, from which the acid liquid could 
be poured off. The tar was warmed on the water-bath with a solu- 
tion of sodium carbonate to remove acid, washed with water, dissolved 
in benzene to get rid of enclosed water, and, after expelling the 
benzene, the residue was distilled under a pressure of 15 mm. 
Between the temperatures of 180° and 260°, a clear, yellowish oil 
passed over, which became viscid when cold. The yield of the crude 
oil was 9 grams. A dark-coloured pitch remained in the retort. 

The oil from three such operations was dissolved in fuming hydro- 
chloric acid, and the solution digested in a flask on the water-bath for 
some hours, when it became dark coloured and deposited resin; this 
was removed by filtration through glass-wool, and the feebly basic oil 
was reprecipitated by the addition of water to the strongly acid 


aB-Diphenyloxazole >CH. 


FROM BENZOIN AND NITRILES. 472 


filtrate. The oil was then extracted with ether, and, after expelling 
the ether, fractionated several times under a pressure of 15 mm. 
The main portion came over at 192—195°, and this was employed in 
the subsequent determinations of carbon and hydrogen. 

When placed in a freezing mixture, the oil became almost solid, 
but without showing any signs of crystallisation. One of the less 
pure fractions, however, after standing for about a fortnight at the 
temperature of the laboratory, was found to have crystallised, and by 
means of this specimen we were able to obtain the whole of the sub- 
stance in a crystalline condition. For this purpose, the purified oil 
was dissolved in such a quantity of warm light petroleum that, on 
cooling, only a very little oil separated; on now starting the 
crystallisation with the solid substance, this new compound was 
deposited in magnificent, lustrous, rectangular plates and prisms 
frequently more than an inch in length; by crystallisation, it 
was obtained in a colourless state. It melted at 44° to a colourless 
oil, The heated substance had a faint, peculiar smell, somewhat 
resembling that of pepper. Once melted, it showed no tendency 
to re-solidify, and specimens of the pure melted crystals, both with 
and without solvents, stood for two months, both in the laboratory 
and out of doors during a severe frost, without crystallising. Crystals 
of aB-diphenyl-u-ethyloxazole (see below), a substance which crystal- 
lises without difficulty, do not induce crystallisation in diphenylox- 
azole, although the latter can cause its next higher homologue, «f-di- 
phenyl-u-methyloxazole, to crystallise. 

Analysis gave figures agreeing with the expected formula of di- 
phenyloxazole, C,H, NO. 


0°1400 gave 0°4165 CO, and 0°0637 H,O. C = 81:14; H = 5:05. 

01384 ,, 04122 CO, ,, 00639 H,O. C = 81:23; H = 5:13. 

01991 ,, 10°6c.c. moist N at 5°4° and 7585 mm. N = 6°49. 
C,;H,,NO requires C = 81°45; H = 498; N = 6°33 per cent. 


Analyses I and II were made before we were aware that the sub- 
stance could be obtained in the crystallised state, and for these, 
consequently, the oil purified by distillation was employed. Ana- 
lysis III was made with the crystallised substance. 

The compound is formed according to the equation :— 


C,H,;-CH-OH : C,H;C—O 
NCH = ) H + H,0. 
C.H,-CO + o C,H,G—Nn?> ai ’ 
«8-Diphenyloxazole is readily soluble in all the usual solvents, with 
the exception of water. It is feebly basic, dissolving in strong acids 
to form salts which are decomposed by water. The platinichloride 
was obtained by dissplving the base in a large excess of concentrated 
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hydrochloric acid and pouring this solution into excess of .platinic 
chloride, also dissolved in concentrated hydrochloric acid. The con- 
centration was so adjusted that only a faint turbidity was produced 
on mixing the solutions; on standing, the liquid deposited the 
platinum salt in beantiful, deep-yellow, dendritic tufts, which proved 
to be anhydrous. 

' 0°4555, dried at 100°, gave 0°1038 Pt. Pt = 22°79. 

(C,sH,,NO,HCl1),PtCl, requires Pt = 22°93 per cent. 


aB-Diphenyl-u-methyloxazole, 


20 grams of finely-powdered benzoin and 10 grams of acetonitrile 
were mixed and added to 100 grams of concentrated sulphuric acid, 
this time without cooling the mixture, as the rise of temperature was 
not so great as with the potassium cyanide, and it was found that in 
this way a better yield was obtained. The whole was allowed to 
stand over night, then poured into water, and treated as in the case 
of diphenyloxazole. The yield of crude oil was about half the weight 
of the benzoin employed. The crude product obtained from several 
operations was purified by digestion on the water-bath with concen- 
trated hydrochloric acid, reprecipitation, and fractional distillation, as— 
already described. The purified oil, which was of a clear, yellowish 
colour, boiled at 214° under a pressure of 17 mm. It closely resembled 
diphenyloxazole in its properties; thus it had the same smell when 
warmed, dissolved in concentrated hydrochloric acid, and was repre- 
cipitated by water. It showed no tendency to crystallise, either on 
standing, or when cooled with a freezing mixture, but, by cooling the 
oil and then adding a crystal of diphenyloxazole, it was obtained in 
minute, rectangular, colourless plates melting at 28°. 

Analysis, for which the oil purified by distillation was used, gave 
figures agreeing with the formula C,,H,;NO. 


0°1253 gave 0°3744 CO, and 0°0606 H,O. C = 81°49; H = 5°37. 

01256 ,, 03747C0O, ,, 00645 H,O. C = 81:36; H = 5°70. 

01881 ,, 9°48 c.c. moist N at 10°8° and 767 mm. N = 6:06. 

C,sH,;NO requires C = 81°70; H = 5°53; N = 5°96 per cent. 

The platinum salt was prepared like that of diphenyloxazole, which 
it exactly resembled in appearance. It was anhydrous. For analysis 
it was dried at 80°. 

0°3445 gave 0°0759 Pt. Pt = 22-03%. 

(CysH,;NO,HC1),PtCl, requires Pt = 22-20 per cent. 


Conversion of «B-Diphenyl-p-methyloxazole into the corresponding 
Imidazole.—Max Lewy has succeede1 (Ber., 2], 2194) in converting 
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an oxazole (u-methylphenyloxazole) into an imidazole by heating it 
with ammonia. We therefore tried the same experiment with the 
present compound, The transformation was effected only with the 
greatest difficulty ; even after heating the oxazole with the strongest 
alcoholic ammonia for six hours at 300°, the greater part of the 
oxazole was recovered unchanged, but sufficient imidazole had been 
formed to enable us to identify it with the «f-diphenyl-u-methyl- 
imidazole (methyidiphenylglyoxaline) obtained by Japp and Wynne 
(Trans., 1886, 49, 464) by the action of acetaldehyde and ammonia 
on benzil. It was separated by expelling the ammonia on the water- 
bath, evaporating to dryness with hydrochloric acid, extracting the 
stable hydrochloride of the imidazole with water, and precipitating 
the base with ammonia. ‘Recrystallised from benzene, it showed the 
correct melting point of 235°, A hot saturated solution of the hydro- 
chloride deposited, on cooling, granular crystals which gradually 
changed into silky needles—a behaviour very characteristic of the 
hydrochloride of methyldiphenylglyoxaline. There was not sufficient 
for analysis. 
The reaction is— 
C,H;C—O C,H,;-C—NH 


0,H,G—N7 0 CBs + NH; = O.H,C __ n2ocus + H,0. 


C.H, 
aB-Diphenyl-p-ethyloxazole, 


40 grams of benzoin and 16 grams of propionitrile were treated 
with concentrated sulphuric acid, and the product worked up as in 
the previous cases. The distillate of crude oil weighed 9°5 grams. 
It was purified as before. Under a pressure of 15 mm. the purified 
oil boiled above 200°; but, owing to the smallness of the quantity, 
the boiling point could not be accurately determined. The distillate 
solidified. It was dissolved in a mixture of benzene and light 
petroleum, from which it was deposited in warty crystals; these 
were separated by filtration through a plug of cotton wool, using the 
filter pump to remove the syrupy mother liquor, and washing the 
crystals with the same mixture of benzene and light petroleam: in 
this way they were obtained in a colourless state. They melted at 
32°. 

0°1452 gave 0°4357 CO, and 0°0797 H,O. C = 81°84; H = 6°10. 

01553 ,, 0°4647CO, ,, 0°0886 H,O. C = 81°61; H = 634. 

01690 ,, 82c.c. moist N at 5° and 7605 mm. N = 5°94, 

Cy;H,NO requires C = 81°93; H = 6°03; N = 5°62 per cent. 


This oxazole, like those just described, has weak basic properties. 
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The platinum salt did not appear to be readily obtainable in a crys. 
tallised form, and was not prepared in quantity for analysis. 


Triphenylowazole (Benzilam), C ae fi 1. ‘C,H; 
6 


A mixture of 63 grams of finely-powdered benzoin and 3°5 grams 
of benzonitrile was rubbed in a mortar with 60 grams of concentrated 
sulphuric acid, allowed to stand over night, and then poured into 
water. A portion of the sticky mass which thus separated, on being 
extracted with light petroleum, yielded crystals of benzilam ; but it 
was found preferable to purify it by boiling it with sodium carbonate 
and then distilling under reduced pressure. The solidified, crystalline 
distillate was boiled with light petroleum, in which it dissolved, with 
the exception of a small quantity of oil; the latter, after purification, 

proved to be benzil. The solution in light petroleum deposited the 
tea in rosettes of prisms—the form in which benzilam crystal- 
lises from that solvent. For further purification, it was recrystallised 
from boiling alcohol, from which, on cooling, it separated in lustrous 
crystals melting, like benzilam, at 115°, and indistinguishable from a 
specimen of this compound prepared by the dehydration of benzil- 
imide with sulphuric acid. é 

Analysis gave figures agreeing with the required formula, 
C,H,NO. 

0°1108 gave 0°3441 CO, and 0°0514 H,O. C = 8470; H = 5:lé. 

02365 ,, 98c.c. moist N at ll-4c.c.and 755mm. N = 489. 

CH,;NO requires C = 8485; H = 5°05; N = 4°71 per cent. 

The compound is thus identical with Laurent’s benzilam (Zinin’s 
azobenil), for which the constitution of a triphenyloxazole was first 
suggested by one of us (Ber., 15, 2413; Trans., 1883, 43,11). The 
foregoing mode of formation may be regarded as confirmatory of this 
constitution. 


Chemical Department, 
University of Aberdeen. 
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XXXI.—Preparing Phosphoric Anhydride free from the Lower Oxides 
of Phosphorus. 


By W. A. Suenstone and C. R. Beck. 


Ir is well known that even the best samples of phosphoric anhydr- 
ide, as usually prepared, contain more or less of the lower oxides. 
These may be readily detected by the reactions of the substance with 
silver nitrate and mercuric chloride, or by its behaviour when a 
strong aqueous solution is evaporated and gently ignited. 

During the past eight or nine months we have invented and tried 
several processes for preparing this important substance free from 
the lower oxides, and some months ago we had so far succeeded that 
we were able to state, at the last meeting of the British Association, 
that we had obtained it in the form of crystals, and without any 
reducing action whatever on the above reagents. Our method at 
that time was to heat commercial phosphoric anhydride to near its 
melting point in a current of dry oxygen until the red substance 
which is at first formed under this treatment in considerable quanti- 
ties was completely oxidised, and then to fractionate the product 
of this operation by subliming it in a current of dry oxygen. 
The first fractions were usually not quite pure. Although there 
was considerable loss, in consequence of the oxide acting on the 
glass, the yield was fairly good. This process, however, was rather 
tedious, because the preliminary treatment of the oxide with oxygen 
not only took much time, but a good deal of special ski!l was required 
for the operation; for whilst, on the one hand, it was important to 
heat the oxide nearly to its melting point, on the other, it was equally | 
important that the melting point should not actually be reached, for 
if the substance was even superficially melted, its further oxidation 
was either stopped or very greatly retarded. 

In December last, we decided to try a more simple method, namely, 
to pass the vapour of phosphoric anhydride, together with excess of 
oxygen, slowly over platinum sponge. This process almost at once 
succeeded ; and we were about to employ it on a larger scale, in order 
to obtain a small stock of the purified material, when, on January 
28th, one of us found, in a memoir on the preparation of pure nitro- 
gen (Phil. Mag., January, 1893), that Professor Threlfall had also 
recently employed a similar method of oxidising commercial phos- 
phoric anhydride, in order to prepare a trustworthy drying agent. 
After reading this paper, we decided to publish our method at once, 
although there were one or two points, such as the length of life, so 

VOL. LXIII. 21 


476 SHENSTONE AND BECK: 


to speak, of the platinum sponge and the possibility of constructing 
larger and more permanent apparatus, which we intended to have 
worked out. We feel all the more justified in following this course, 
because the exact process described by Professor Threlfall is one 
which we have tried and abandoned as not perfectly satisfactory. 

Threlfall passes the vapour of phosphoric anhydride through a tube 
packed for a considerable length with platinised porcelain and 
asbestos. Now the exposure of the anhydride to asbestos at a high 
temperature is very undesirable as the asbestos absorbs phosphoric 
anhydride very freely, which not only reduces the yield of the puri- 
fied product, but also, we think, would soon remove the platinum 
from the sphere of action by enveloping it with a coat of the fusible 
products of the action. In one of our experiments, a column of 
platinised asbestos, 150 mm. in length, completely prevented the pas- 
sage of the anhydride when a quantity of the latter was sublimed in 
oxygen at a moderate rate. We do not deny that the vapour of the 
phosphoric anhydride may partly escape the action of the asbestos, 
especially if it is rapidly sublimed; but the use of asbestos may lead 
to failure, and in any case its employment in quantity must result in 
a diminished yield of the pure anhydride, whilst it seems likely, from 
the character of the products of the action of the anhydride on 
asbestos, that the platinum would soon be prevented from acting. 

The process we recommend, is as follows :— 

Divide a piece of combustion tube, about 900 mm. long and about 
20 mm. in diameter, into two chambers, A and B, by a constriction 
at C; join a side tube D at C; pack the tube from C to E with small 
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fragments of platinum sponge; compress some phosphoric anbydride, 
of good commercial quality, in a glass tube, exposing it as little as 
possible to the air; place the compressed mass in a large boat of 
platinum,* and introduce it quickly into the chamber A; fix the glass 
plug G into the tube at F, and connect L with a supply of oxygen. 


* To keep the fluid phosphoric anhydride from contact with the glass as much 
as possible. 
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G may be secured by an india-rubber collar or by enlarging the end 
F of the tube, and tightly packing the joint with asbestos (Threlfall 
recommends glass wool and phosphoric oxide for the purpose). Also 
connect D with the same supply of oxygen, but with stopcocks, so 
that the admission of the gas can be separately regulated at L and D. 
Place in the other end B of the tube a slightly smaller tube K, which 
fits B closely, and secure it in its place by a collar of india-rubber, or 
by asbestos, as may be preferable. 

Place the tube in a combustion furnace, with its ends well project- 
ing from the furnace, heat it to redness from C to E, admit oxygen 
by D, and when the apparatus is full of oxygen heat the phosphoric 
anhydride and pass a slow stream of oxygen through L. The excess 
of oxygen can be received in a gasholder, and can be used again; 
if this be done, the consumption of oxygen will be very small. 
Possibly the double stream of oxygen might be dispensed with, in 
which case the side tube D would not be required. It is, however, 
easy to join on D with the oxy-hydrogen blowpipe, and it is convenient 
to be able to regulate the rate at which the phosphoric anhydride 
sublimes without reducing the supply of oxygen. 

We have not yet experienced any trouble from the platinum adher- 
ing to the glass. We have used about 35 grams of platinum sponge.* 
The character of the product depends on the temperature of the con- 
denser. If the tube K be kept rather hot, a finely crystalline and 
rather dense mass is obtained, which adheres somewhat firmly to the 
glass. If the tube be kept cool, the vapour condenses as a light 
crystalline powder, which rapidly fills the tube; if this be suddenly 
heated, it appears, to the eye, to change to the familiar amorphous 
form, and then volatilises. In every form it is intensely hygroscopic. 

As K can be removed and replaced, and as fresh supplies of phos- 
phoric anhydride can also be introduced almost without stopping the 
operation, the process is practically a continuous one. Unless great 
precautions be taken in preserving the substance, it is wiser to pre- 
pare small quantities at a time, and to employ it fresh. Perhaps the 
best plan is to distil it into the experimental apparatus whenever 
this is possible. 

The best way to secure the sublimate is to place one end of K ina 
well-dried bottle, and to push down the phosphoric anhydride with a 
metal scoop, made rather smaller than the tube, and fitted with a long 
handle of stiff wire. 


Tests for the Purity of Phosphoric: Anhydride. 
The best specimens of this substance that we have been able to 


* It has not been difficult to transfer this from tube to tube. It might, how- 
‘ever, be convenient to introduce it in a gauze cage. 
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obtain by purchase have all exhibited, in a marked degree, the 
following qualities :— 


1. They reduce a 10 per cent. sulution of silver nitrate very freely, 
when warmed. 

2. They reduce a solution of mercuric chloride when boiled 
with it. 

3. When an aqueous solution of the anhydride is evaporated and 
ignited moderately, the odour of phosphine becomes evident, 
and the ignited substance frequently shows signs of spontane- 
ous ignition, such as may be observed on igniting phosphorous 
acid, only in a much smaller degree. 


Phosphoric anhydride, carefully prepared by our method, gives no 
evidence of the presence of the lower oxides when it is examined by 
the above tests. 

Professor Threlfall regards the presence or absence of the odour of 
phosphorus (phosphine ?), when a few grams of the anhydride are 
thrown on to water, as the most delicate test of its purity. We are 
disposed to consider that tests 1 and 2 above are decidedly more 
satisfactory. 

Doubtless the product obtained as we have described contains a 
little metaphosphoric acid. If pure phosphoric anhydride be required, 
the products of the combustion of the purest obtuinable phosphorus 
in pure air might be conducted into A, and then resublimed, as 
above described, into receivers, previously prepared for sealing before 
the blowpipe when full. 

The question has sometimes been asked whether the presence of 
the lower oxides of phosphorus is really objectionable in phosphoric 
anhydride which is to be employed as a drying agent. It is possible 
that in some cases their presence may do no harm. But there are 
others in which it would be very desirable to employ the fully 
oxidised product. And in any case, owing to our limited knowledge 
of the conditions of chemical change, no possible source of error can 
be safely neglected. 

In concluding, we may add that, in our experience, the roasting of 
phosphoric anhydride in oxygen never removes the last traces of the 
lower oxides; on some occasions we have roasted it for weeks at a 
temperature not far below its melting point, but without success. 


Clifton College, 
Bristol. 


XXXII.—Action of Nitrosyl Chloride and of Nitric Peroxide on some 
Members of the Series of Olefines. 


By Wii A. Titpen, D.Sc., F.R.S., and J. J. Supporovan, B.Sc. 


Tue use of nitrosyl chloride as an agent specially applicable to the 
study of the terpenes was introduced by Tilden in 1875 (Trans., 
June, 1875; May, 1877), and has been extensively applied by 
Wallach in his researches (see especially Annalen, 245, 245; 252, 
109; 253, 251) on these compounds. But, notwithstanding that the 
nitrosochlorides of the terpenes are now familiar substances and many 
of their properties and reactions have been carefully studied, their 
constitution is still unknown. 

It seemed to us that perhaps some light might be thrown on the 
subject by a systematic examination of nitrosochlorides formed from 
hydrocarbons of a simpler and understood type. The terpenes, in 
many respects, resemble the olefines, and as, according to an observa- 
tion of Ténnies, in 1879 (Ber., 12, 169), “amylene” forms an addition 
compound with nitrosyl chloride, C;H;NOCI, we thought it would be 
interesting to study the behaviour of ethylene and its homologues 
with this agent. 


Ethylene. 


Ethylene, which had been thoroughly washed and dried, was passed 
slowly through liquid nitrosyl chloride, necessarily kept in a freezing 
mixture below —10°. It was found, however, that the chloride 
simply evaporated, and passed off together with the escaping ethylene. 
Of some 25 c.c. of liquid, only about two drops ultimately remained, 
which, after standing in a desiccator over potash, lost all colour and 
odour of nitrosyl chloride, and the small residue remaining consisted 
of a fragrant liquid, neither miscible with, nor decomposed by, water. 

In another experiment, the two gases were passed together through 
a spiral condenser surrounded by ice and salt. The liquid which was 
thus collected presented the appearance of nitrosyl chloride, but, after 
standing some time at the usual temperature of the air, the nitrosyl 
chloride evaporated, and a faintly yellow liquid, of ethereal odour, 
remained, which was found to boil about 80°, It was not affected in 
appearance or odour by dilute alkali. It was therefore washed, dried, 
and distilled. It passed over entirely between 81° and 84°. It was 
denser than water, and contained chlorine, but not nitrogen. 

Three estimations of chlorine in two different preparations gave the 
following percentages :—- 
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I, II. III. 
69°01 69°98 69°69 


The formula of ethylene dichloride, C,H,Cl, (b. p. 83°5°), requires 
71°63 per cent. of chlorine. 

It is evident, therefore, that the liquid thus formed consists essen- 
tially of Dutch liquid. 

Notwithstanding, therefore, that the nitrosyl chloride was, through- 
out the experiments, kept in excess, ethylene shows no disposition to 
unite with it directly; the greater part of the ethylene escaped un- 
changed, and the yield of Dutch liquid was small, as only abont 
10 c.c. were obtained after the gases had been passing together 
through the condenser for four to five hours. 


Propylene. 


Propylene was made by three different methods. 

1. From glycerol, by the action of zinc-dust (Claus, Ber., 9, 696), 
This is not a satisfactory process, as the propylene is accompanied by 
about an equal volume of bydrogen and small quantities of other 
volatile substances. 

2. Fromallyl iodide diluted with alcohol by the action of zinc, granu- 
lated or dust (Gladstone and Tribe, J. Chem. Soc., 1874, 2'7, 208). Allyl 
iodide, mixed with twice its volume of absolute alcohol, is allowed to 
drop slowly on to zinc-dust contained in a dry flask. The evolution of 
gas, though brisk, can be kept well under control. The propylene is 
washed by passing it through alcohol, in order to free it from the 
vapour of allyl iodide. 

3. From propyl alcohol by the action of phosphorus pentoxide 
(Beilstein and Wiegand, Ber., 15, 1498). 30 c.c. of absolute propyl 
alcohol was allowed to drop on to 20 grams of phosphorus pentoxide, 
contained in a flask fitted with a reflux condenser, the upper end of 
which was connected with a gas holder When evolution of gas 
ceased, it was renewed by the application of gentle heat. 

Of the methods 2 and 3, of preparing propylene, the latter is 
decidedly to be preferred. In both cases, the propylene was identified 
by the production of the bromide, by bubbling the gas through a few 
cubic centimetres of bromine kept cool. A fragrant liquid was ob- 
tained, boiling at 140° (uncorr.). An estimation of the bromine gave 
78°66 per cent. The fornrala of propylene dibromide, C;H,Br., requires 
79°20 per cent. of bromine. 

The action of nitrosyl chloride on propylene was first examined as 
described under ethylene, but only a very small quantity of an oily 
substance was obtained, having a greenish tint and a peculiarly 
irritating odour. This liquid, placed in a watch glass and exposed 
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over lime in a closed desiccator, retains its tear-exciting pungency. 
An estimation of chlorine gave 38°2 per cent. When distilled, the 
product began to boil at 96°, gas, containing an oxide of nitrogen, 
being simultaneously evolved, and the distillate up to 120° remaining 
colourless. The distillate had lost much of its irritating odour, and 
was found to contain 61°5 per cent. of chlorine. 

Propylene dichloride, C;H,Cl,, boils at about 97°, and contains 
62°8 per cent. of chlorine. COPE 

The product of the action of nitrosyl chloride on propylene is 
therefore apparently a mixture of propylene dichloride and propylene 
nitrosochloride. A mixture containing 20 per cent. of C;H.Cl, with 
80 per cent. of C;H,NOCI would contain 39°2 per cent. of chlorine, 
which is very near to the amount actually found in our product. 

We have not succeeded in preparing the nitrosochloride in a pure 
state by varying the temperature at which the propylene and nitrosyl 
chloride are brought together.* 

Action of Nitric Peroxide on Propylene.—Propylene, prepared as 
already described and dried by means of a long tube full of calcium 
chloride, was slowly bubbled through liquid nitric peroxide, N,Q, 
surrounded by a freezing mixture. The gas was absorbed, and the 
oily liquid obtained was allowed to remain in a desiccator over lime for 
several days, and then analysed. It was found to contain 19°4 per cent. 
of nitrogen. When exposed to a low temperature, it slowly deposits 
thin, prismatic crysta!s which melt at 101°5°, apparently without 
decomposition. 

The formula C;H,N,O, requires 20°9 per cent. of nitrogen. This 
substance requires further investigation, but it doubtless corresponds 
to the compound obtained, many years ago, from amylene by Guthrie 
(J. Chem. Soc., 13, 45, 129), and further examined by Miller (Proc., 
November 3, 1887), and especially by Wallach (Annalen, 241, 288; 
248, 161; and 262, 324). 


Isobutylene, (CH;)20:CH2. 


This gas was prepared from isobutyl alcohol and phosphorus pent- 
oxide exactly as described in the case of propylene. The yield of 
butylene is, however, much smaller. 

The action of nitrosyl chloride on butylene was examined in the 
Same manner as in the case of propylene. A greenish oil was formed, 
resembling in properties that obtained from propylene, and boiling 


* After exposure to the air for about six weeks, the liquid was found to have 
separated into two layers, the lower of which contained well-formed prismatic 
crystals ; as these contain chlorine and yield hydroxylamine when boiled with hydro- 
chloric acid, they consist of propylene nitrosochloride. They melt at 154—155° 
with evolution of gas.--[ ADDENDUM, March 13, 1893.] 
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between 120° and 130° with evolution of gas. The product was 
analysed both before and after distillation, the result indicating the 
probable presence of a butylene nitrosochloride. 
Before distillation, the oil contained 34°23 per cent. of chlorine. 
After distillation, it contained 25°8 per cent. of chlorine. 


Calculated for With 20 per cent. Calculated for 
of C,H,Cl.. C,H,Cl,. 
34°7 55°9 


The mixture therefore does not seem to yield a butylene dichloride 
on distillation. All that can be affirmed at present, therefore, is that 
nitrosyl chloride is absorbed, though reluctantly, by the butylene 
used. This hydrocarbon was probably a mixture containing pseudo- 
as well as iso-butylene. 


Amylene (Trimethylethylene). 


As already stated at the commencement of this paper, a compound 
of “amylene” with nitrosyl chloride was obtained by Tonnies in 
1879. Nitrosyl chloride passed into commercial “amylene” kept at 
about —10° is absorbed, yielding a blue liquid which deposits a con- 
siderable quantity of crystals; on evaporating the blue mother liquor 


from this in an open glass, a further crop of crystals may be obtained. 
The substance may be recrystallised from alcohol or from chloroform, 
being deposited from the latter solvent in large tables which melt at 
152°. 

It was, however, thought desirable to operate on a hydrocarbon of 
uniform composition and known constitution. A quantity of tri- 
methylethylene was therefore prepared from commercial amylene by 
the process indicated by Weschnegradsky (Annalen, 190, 365). 
350 c.c. of commercial amylene were added to 700 c.c. of a mixture of 
equal volumes of strong sulphuric acid and water, and well shaken 
for about three quarters of an hour, the temperature of the liquid 
being at no time allowed to rise above 0°. The greater part of the 
amylene was dissolved by the acid, and the solution separated from 
the undissolved hydrocarbon was diluted with water, cooled by snow, 
and caustic soda added to neutralisation. The amyl] alcohol was dis- 
tilled off, separated from the water, dried, and poured upon 240 grams 
of zinc chloride. After standing 24 hours, the trimethylethylene was 
distilled off, 110 c.c. of the hydrocarbon passing over between 38° 
and 43°. 

The liquid thus obtained readily absorbs nitrosyl chloride, becom- 
ing semi-solid at a few degrees below 0°, owing to the formation of 
crystals, of which a further supply is obtained by spontaneous evapor- 
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ation of the mother liquor. These crystals melt at 73°—75°; but on 
treatment with chloroform they are resolved into two substances, of 
which one is more soluble, and melts at 73°, whilst the other, less 
soluble, melts at 152°. 

The compound obtained in the earlier experiments, in which com- 
mercial amylene was used, and which, after twice crystallising from 
chloroform, was found to melt at 152°, corresponds with the less 
soluble of the two nitrosochlorides. 

At present it remains to be ascertained whether these two com- 
pounds are derived from two different pentenes, or whether they are 
isomeric derivatives of the same pentene. 

Action of Nitric Peroxide on Amylene.—This subject has already 
been partly examined by Guthrie and Miller, and more completely 
by Wallach (Joc. cit.). We have prepared the compound from tri- 
methylethylene, and found its melting point to be 96°5°. According 
to Miller, trimethylethylene is the only constituent of commercial 
amylene which yields a crystalline derivative with nitric peroxide. 


Cinnamene or Phenylethylene. 


Pure cinnamene, prepared from cinnamic acid, was diluted with an 
equal volume of chloroform, cooled to a temperature below —10°, and 


after being charged with nitrosyl chloride, passed in slowly, was 
mixed with alcohol; the solution gradually deposited minute crystals 
of the nitrosochloride. When redissolved in chloroform and reprecipi- 
tated, the compound was obtained in a pure state in the form of 
minute, white needles. On analysis, it gave results agreeing with 
those required by the formula C;H,NOCI. 


Cc. H. N. O. Cl. 
Caleulated..... 5668 472 827 945 20°87 
Experiment.... 5714 465 830 — 20°84 


Cinnamene nitrosochloride melts at 97°. When heated above its 
melting point, it decomposes, leaving a black tar which smells strongly 
of bitter almond oil. When treated with alcoholic potash, a black, 
tarry matter is also produced, and attempts to obtain a base by 
reduction with hydrogen iodide, or with sodium amalgam, have not 
at present led to satisfactory results. 

On reviewing the results of these experiments, it appears that the 
disposition of the olefines to form addition compounds with nitrosyl 
chloride seems to depend on the molecular weight of the hydrocarbon 
and the presence of hydrocarbon radicles in the immediate neighbour- 
hood of the carbon to which the NO group becomes attached. Thus 
ethylene fixes only the chlorine, liberating the nitric oxide; whilst 
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propylene, butylene, and amylene exhibit a gradually increasing ten. 
dency to form nitrosochlorides. Pure trimethylethylene and phenyl. 
ethylene form nitrosochloride in large proportion, and only a com- 


paratively small amount of bye products. 
Product of the 
action of NOCI. 


C,H,Cl. 


C;H,Cl, 
C;H,NOCI ; 
C(CHs)s oe CH-CH; C,H,Cl, ‘ 
CH, CH-CH; C,H,NOCI 
Trimethylethylene CsH,NOCI. 


Phenylethylene .. C,H,NOCI. 


To these may be added the terpenes, which may be written, without 
invoking controversy, 


Terpenes ....... H>CH C,oH,.NOCI. 


It is obvious, however, that in each of these cases there is a possi- 
bility of the formation of at least two isomeric nitrosochlorides, for 
instance, from trimethylethylene, 


I, Il. 
ON-C(CHs). Cl-C(CHs), 
Cl-CH-CH, ON-CH(CH;) ’ 
and further, that the product may in some cases have the constitution 


of a nitroso-compound, in others that of an oxime. This investiga- 
tion is now being continued by one of us. 


The Mason College, 


Birmingham, 


XXXIII.—A New Alkaloid from Corydalis cava. 


By James J. Dossie, M.A., D.Sc., and ALEXANDER Lauper, University 
. College of North Wales, Bangor. 


Iy a paper which recently appeared in the Berichte (25, 2411), 
Messrs. Freund and Josephy describe several alkaloids which they 
obtained from the roots of Corydalis cavu. One of these is identical with 
the corydaline described by us (Trans., 1892, 61, 244 and 605), 
and Freund and Josephy confirm our formula for this alkaloid. Part 
of the crude material with which they worked was obtained from 
Schuchardt of Gérlitz, and they mention at the close of their paper 
that this material contains a small quantity of an alkaloid soluble in 
alkali, and melting at 205—207°, so that it is distinct from the 
other bases described by them. Before the appearance of this paper 
we had already partially examined an alkaloid obtained from the same 
source, and apparently identical with the base referred to by Freund 
and Josephy. We therefore communicated with them, and they 
courteously agreed to leave the investigation of this substance in our 
hands. 

When Schuchardt’s crude corydaline is treated with hot water, it 
yields a green solution with a magnificent blue fluorescence, from 
which tufts of small slender needles separate on cooling. When 
collected on a filter, the crystals form a compact film with a metallic 
lustre, recalling that of freshly cut potassium. The substance is 
readily purified by recrystallisation from alcohol, but if crystallised 
from water there is slight decomposition, indicated by the darkening 
of the solution. The alcoholic solution is colourless when freshly pre- 
pared, but quickly assumes a pale pink colour, accompanied by a 
slight fluorescence, which becomes more intense on standing or heat- 
ing. The alkaloid is nearly insoluble in cold, but dissolves readily in 
hot, water. The green célour and fluorescence of the aqueous extract 
of corydaline are due apparently to the presence of a decomposition 
product. The new alkaloid crystallises from alcohol in fine, silky 
needles, which dissolve easily in solutions of the caustic alkalis and 
ammonia, slightly in benzene, but not appreciably in ether or chloro- 
form. The alkaloid is colourless when pare, but on standing, even at 
the ordinary temperature, gradually becomes somewhat discoloured. 
On long continued heating at 100°, this change is more pronounced, 
the alkaloid assuming a slate-grey colour. When the altered sub- 
stance is dissolved in alcohol, it gives a pink-coloured fluorescent 
solution, confirming our view that the fluorescence is due to a decom- 
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position product of the alkaloid, and not to the pure substance. 
The alkaloid has no definite melting point. When heated to 200°, it 
blackens, and slowly decomposes. The alcoholic solution of the pure 
substance is slightly dextrorotatory. 

The following are the results of the analysis of the alkaloid, purified 
by repeated recrystallisation from alcohol, and dried at 100°. 


0°1931 gave 0°4893 CO, and 0°1260 H.O. C= 69-11; H 
02866 ,, 07271 CO, ,, 01852 H,0. C= 69:12; 
02761 ,, 06988 CO, ,, 01909 H.0. C= 69°03; H 
02712 ,, 0°0810 Pt. N = 430. 
0'2846 ,, 0°0824 Pt. N= 418. 


The mean of these numbers gave C = 69°09; H = 7:37; N = 424. 

From this we deduce the formula C,H,NQ,, which requires 
C = 68°88; H= 7°55; N = 4°23 per cent. 

We propose for this alkaloid the name corytuberine ; from Corydalis 
tuberosa, a synonym for Corydalis cava (Dec.). 

Corytuberine dissolves readily in acids, forming salts, some of which 
crystallise with ease. 

Corytuberine Hy ydrochloride. —This salt is prepared by dissolving 
corytuberine in hydrochloric acid, and evaporating until crystals 
begin to separate. The hydrochloride crystallises without water of 
crystallisation in small, well-developed, colourless rhombohedra. It is 
stable when dry, but its solution becomes brown when heated. The 
specimen analysed was crystallised from water and dried over strong 
sulphuric acid. The chlorine was determined by direct precipitation 
with silver nitrate. 


I. 0°3042 gave 0°1205 AgCl =-9°79 Cl. 
II. 03171 ,, 01256 ,, = 978 CI. 
C\oH.sNO,,HCl requires Cl = 9°66 per cent. 


Corytuberine Sulphate—This compound is obtained by treating 
corytuberine hydrochloride with the calculated amount of silver 
sulphate. It is easily soluble in water, from which it crystallises 
with difficulty. 1t shows the same tendency to decompose as the 
hydrochloride, and we have not succeeded in obtaining it in well 
developed crystals. Analysis of this salt dried at 100° gave the 
following result. 

0°2951 gave 0°0948 BaSO, = 13°50 H.SQ,. 

(C\pH2;NO,)2,H,SO, requires H,SO, = 12°89 per cent. 

Corytuberine Platinochloride——The platinochloride is prepared by 
adding a solution of hydrogen platinochloride to a solution of cory- 
tuberine hydrochloride in water. It is a pale yellow, crystalline 
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substance only slightly soluble in water, and, therefore, easily purified 
from excess of hydrogen platinochloride by washing. Analysis of 
this salt dried at 100° gave the following results. 


I. 02778 gave 0°0496 Pt = 17°85 Pt. 
I. 01998 ,, 0°0361 Pt = 18°07 Pt. 
(CisH2sNO,4)2,H2PtCl, requires Pt = 18°19 per cent. 


Corytuberine Methiodide——Corytuberine is only soluble to a slight 
extent in methyl iodide. The methiodide is prepared by digesting a 
solution of the alkaloid in alcohol with methyl iodide for several 
hours in a flask attached to a reflux condenser. On evaporating the 
solution, the methiodide crystallises out in small hemispherical tufts 
of needle-shaped crystals. This compound is colourless when pure, 
but it shows the same tendency to decompose as the other salts, and 
we were unable, for this reason and on account of the small amount 
of substance at our disposal, to obtain it in a pure condition. The 
results of our analysis therefore differ by about 1 per cent. from the 
calculated numbers. The salt was dried over strong sulphuric acid. 


I. 0°4325 gave 0'2065 AgI = 25°79 I. 
II. 04908 ,, 02349 AgI = 25°85 I. 
C,)H,;NO,,CH,I requires I = 26°84 per cent. 


Action of Hydrogen Iodide on Corytuberine.—Corytuberine was 
treated with a fuming solution of hydrogen iodide by Zeisel’s method, 
as described in our second paper on corydaline (Trans., 1892, 61, 609). 
Methyl iodide was evolved, a yellow, crystalline compound, which we 
are investigating, remaining in the distilling flask. The determina- 
tion of the methoxy-groups in pure corytuberine, dried over sulphuric 
acid, gave the following results. 


I. 0°2292 gave 0°3206 AgI = 18°47 CH,0. 

IL. 02500 ,, 03509 AgI = 18°53 CH,0. 

Calculated for two CH;O groups, C,,H.;NO, requires 18°73 per cent. 
CH,0. 


Corytuberine, therefore, contains only two of its oxygen atoms in 
methoxy-groups, whereas corydaline has all its four oxygen atoms 
present in this state of combination. 

We have received from Schuchardt, of Gérlitz, a small quantity of 
another alkaloid extracted by him from the tubers of Corydalis cava 
when working them up for corydaline. This melts or decomposes at 
about 180°, and differs, further, from corydaline, corytuberine, and the 
other alkaloids obtained from the same source, in its solubility. It 
crystallises from alcohol in smail, acicular crystals. 

Excluding this alkaloid, and another of lower melting point than 
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corydaline mentioned by Freund and Josephy (Ber., 25, 2412), cory. 
tuberine brings up the number of alkaloids obtained froin Corydalis 
cava to four, namely :— 


I.* Corydaline, C,»H,,.NO, M. P. 134°5°. 

II. Corytuberine, C)pH.;NO,. 
III.¢ Bulbocapnin, C,H sN,0,. M. P. 198—199°. 
IV.¢ Corycavin, C,,H,,NO;. M. P. 214—215°. 


All the other substances hitherto described are probably mixtures 
of the above mentioned alkaloids. 


XXXIV.—The Magnetic Rotation and Refractive Power of Ethylene 
Oxide. 


By W. H. Perxty, Ph.D., F.R.S. 


Atreapy several kinds of oxides of the saturated series have been 
examined in reference to their magnetic rotation, namely, ethyl and 
isoamy] ethers, acetic and propionic acids, and pyrotartaric anhydride. 
The results these have given, when compared with those obtained 
from their hydroxylic representatives, are fairly comparable, as will be 
seen further on. It was therefore of interest to measure the rotations 
of other oxidg, and that remarkable compound discovered by Wiirtz, 
ethylene oxide, appeared to be of especial interest, as it differs in 
structure from any of the above, though, in some respects, resembling 
pyrotartaric anhydride, inasmuch as it is the oxide corresponding to 
a dihydroxy-alcohol, whilst the latter is the oxide corresponding to 
a dicarboxylic acid. Advantage was therefore taken of the winter 
season to measure this, as on account of the volatility of this sub- 
stance it would not be easy to do so later on in the year. It was 
thought desirable also to determine its refractive power at the same 
time. 

The ethylene oxide was obtained from Kahlbaum. It boiled con- 
stantly at 12°5° (corr.), the bulb of the thermometer being covered 
with cotton-wool to prevent superheating. This is 1° lower than 
that given by Wiirtz (J. Chem. Soc., 1862, 15, 388). 

The density determinations gave 

d 4°/4° = 0°8909. d7°/7° = 08867. 
d@10°/10° = 0°8824. 


* Dobbie and Lauder, Trans., 1892, 244 and 605. 
+t Freund and Josephy, Ber., 25, 2412. 
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The magnetic rotation found was as follows :— — 


Sp. rotation. | Mol. rotation. 


0 °7044 
0 °7082 
0 °6973 
0 -6992 
0°6970 
0° 6985 
07000 
0°7022 
0°7014 
0°7000 


0 °7008 


The determination of the refractive and dispersive power of this 


substance gave 
d7°/4° = 0°88654. 


1 °35623 0°40183 
1°35816 0 -40399 
1°35965 0 40568 
1°36390 0°41048 
1°36730 0°41431 


Dispersion G—A = 0°550. 


Before considering these results, it will be as well to see the rela- 
tionship which the other oxides that have been examined bear to their 
respective hydroxyl compounds. 


2 mols. ethyl alcohol = 2°780 x 2 = 5560 
Ethyl oxide = 4777 


oo 


Variation for diff. of composition by OH, = 0°783 


2 mols. propionic acid = 3°462 x 2 = 9°924 
Propionic anhydride = 6185 


0°739 
Pyrotartaric acid (calc.) ........ 5°482 
i anhydride.......... 4°750 


0-732 
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The average variation for the difference in composition by OH, in 
these three examples is 0°751, or 0°249 less than the value of water. 
If this, therefore, be subtracted from the rotation of glycol, it wil] 
give what might be expected to be the rotation of ethylene oxide. 


Calculated value of ethylene oxide 2°192 


On reference, however, to the experimenial results, it will be seen 
that the rotation of this substance is much lower than this, and if 
subtracted from that of glycol will give a much larger difference 
than that found in the above instances. 


The difference, it will be seen, is practically the same as that of 


water or 1°000. 
The rotation of this substance is very remarkable, not only on 


account of its differing from glycol by about 1°000 but also on 
account of its smallness, considering its composition, its value being 
less even than the carbon and hydrogen it contains (CH, x 2 = 2-046), 
its series constant is, therefore a minus quantity (—0-111), whereas 
in all other compounds yet examined, with the exception of one—not 
related to this—the series constants have been plus quantities (Trans., 
1884, 45, 574). 

With reference to the refractive and dispersive power of ethylene 
oxide, the results are also low, the calculated molecular rotation 
for A by Dr. Gladstone, or C by Briihl’s, values being 18000, whereas 
the found numbers are, for A 17-680, and C 17°775. The dispersion, 
though nearly normal, is apparently a trifle low, These results are, 
therefore, in agreement with the magnetic rotation. 

From the above results it appears desirable to extend this inquiry, 
and examine more substances containing oxygen united to two carbon 
atoms in the same molecule, and to see whether ethylene oxide is a 
typical example of this kind of combination or an exception; it is 
remarkable that it should give results which are not in agreement 
with those of ethyl ether and the other substances referred to above. 
The examination of the lactones will also be interesting. 

In the unsaturated series, maleic and citraconic acid differ from 
their anhydrides by a little more than the value of water, and, there- 
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fore, in this respect, correspond to glycol and ethylene oxide (Trans., 
1888, 53, 597); but from the boiling points of these unsaturated 
compounds and other properties (Trans., 1888, 53, 710), they appear 
to possess peculiarities of their own which are not clear at present, 
and render them unsuitable for comparison with saturated com- 
pounds. 


XXXV.—Contributions to our Knowledge of the Aconite Alkaloids. 
Part IV. The Composition of some Commercial Specimens of 
Aconitine. 


By WrypHam R. Dunstan and Francis H. Carr, Assistant in the 
Research Laboratory of the Pharmaceutical Society. 


Ix our search for the most readily available source from which to 
obtain pure aconitine, we examined a number of commercial specimens 
of this alkaloid, English and foreign. For eleven of these specimens 
(l—11) we are indebted to Dr. J. W. L. Thudichum, who collected 


them some years ago, and kindly offered them to us for examination. 
Dr. Thudichum found that these specimens varied enormously in toxic 
power, many being inert, others more or less poisonous, whilst only 
one or two were highly toxic. The remainder of the specimens have 
been purchased during the past two years. 

The process employed in examining them was essentially that de- 
scribed in connection with the separation of isaconitine from the total 
alkaloids of Aconitum Napellus (this vol., p. 444), by means of which 
it was possible to ascertain the presence of aconitine and isaconitine, 
and also of aconine and homisaconitine (homonapelline), as well as to 
form an approximate estimate of the proportion of crystalline 
aconitine to that of the amorphous alkaloids. In several instances 
the amount of aconitine present was too small to allow of its isolation 
either as crystalline base or crystalline salt. When this was the case, 
the presence or absence of aconitine was ascertained by observing 
whether a dilute solution of the mixed salts produced the character- 
istic tingling sensation on the tongue. The difficulty of separating 
the alkaloids has often been great, owing to the small amount of 
some of the specimens. 

The results are as follows. 

1. “Aconitine, Pure” (German). A yellowish-white, amorphous 
powder which melted indefinitely near 107°. When dissolved in 
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dilute hydrobromic acid, it furnished a highly coloured solution. 
From this liquid, pure isaconitine salt was eventually obtained, in 
amount corresponding with the presence of about 20 per cent, of 
the alkaloid in the original substance. Aconitine was present 
only in relatively small quantity, and it was not found possible 
to isolate it. Aconine, and apparently homisaconitine, were also 
present. 

2. “ Aconitine, Crystallised” (French). A white, crystalline 
powder melting near 187°, It completely dissolved in cold water, 
and proved to be the nitrate of an alkaloid, not the base itself. 
The alkaloid was regenerated and dealt with in the usual manner, A 
considerable quantity of pure aconitine hydrobromide was obtained, and 
from this, pure crystalline aconitine (m. p. 188—189°) was prepared. 
A smaller quantity of isaconitine hydrochloride was isolated, whilst 
other amorphous bases (aconine, homisaconitine, &c.) were observed 
in small quantity. The nitrate, of which the original substance was 
composed, contained about 70 per cent. of aconitine salt. 

3. “Aconitine, Pure” (English). A yellowish-white, amorphous 
substance melting indistinctly near 88°. Its solution in dilute 
hydrobromic acid was highly coloured. A considerable quantity of 
alkaloid soluble in ether was isolated ; this was chiefly isaconitine. 
No crystalline aconitine salt could be isolated from the small quantity 
of material at our disposal. The physiological action of the acid 
solution indicated that a small quantity of this alkaloid was present, 
but the specimen was chiefly composed of amorphous bases. 

4. “Aconitine, Pure” (German). A dirty white, amorphous pow- 
der melting at 111°. The solution in dilute acid was yellow. No 
crystalline aconitine salt could be isolated, although a small quantity 
of the alkaloid was detected by its physiological action. Some 
isaconitine was obtained in addition to other amorphous alkaloids, 
including aconine. 

5. “ Aconitine, Crystallised” (German). A collection of small 
white crystals melting at 170°. it yielded a considerable quantity of 
crystalline aconitine hydrobromide, from which the pure crystalline 
base melting at 188—189° was regenerated. Isaconitine was also ob- 
tained. Rather more than two-thirds of the original material was 
aconitine. 

6. “ Napelline” (German). Napelline was the name given by 
Hiibschmann to what seems to have been a mixture of the 
amorphous alkaloids of Aconitum Napellus, A brown, amorphous 
powder melting near 120°, and not completely soluble in dilute 
acid. The highly coloured solution furnished some isaconitine. It 
also contained aconitine and considerable quantities of amorphous 
alkaloid, partly aconine. The original substance was probably the 
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- total alkaloids of A. Napellus, from which some of the aconitine had 
been removed. 

7 “Aconitine, Pure” (English). A yellowish, amorphous powder 
melting at 85°. It partially dissolved in dilute acids, forming a 
coloured solution, from which no crystalline aconitine salt could be 
isolated, although the presence of a small quantity of this alkaloid 
was detected by its physiological action. About two-thirds of the 
alkaloid consisted of amorphous alkaloids, the remainder being 
resinous substances, apparently non-alkaloidal, and a little aconine. 

8. “ Aconitine from A. Napellus” (German). A yellow, amorphous 
powder melting between 105° and 110°. Its solution in dilute acid 
was coloured. A considerable quantity of crystalline isaconitine salt 
was separated, but the amount of aconitine was too small to admit of 
isolation. More than one-fifth of the original substance turned out to 
be isaconitine, the remainder being other amorphous bases, a small 
quantity of aconitine, and some non-alkaloidal substance. 

9. “ Aconitine” (English). A nearly white, amorphous powder, 
dissolving in dilute acid, forming a dark coloured solution. The 
substance was chiefly composed of amorphous bases with very little 
aconitine. 

10. “ Aconitine Muriate” (German). A yellow, uncrystalline 
powder melting indistinctly at 86°. Its solution in water was 
highly coloured, and produced only a feeble tingling sensation on 
the tongue. It was chiefly isaconitine hydrochloride contaminated 
with the hydrochlorides of other amorphous alkaloids, and with a 
trace of aconitine hydrochloride. 

11. *‘ Aconitine Sulphate” (German). A reddish, crystalline pow- 
der melting indefinitely below 128°. Its aqueous solution was red. 
The alkaloid was regenerated, and was proved to be, chiefly isacon- 
itine with a little aconitine. 

12. “ Aconitine Nitrate” (German). A dark yellow, amorphous 
substance melting near 62°, The aqueous solution was yellow. It 
furnished no crystalline alkaloid, but the existence in it of a small 
quantity of aconitine was revealed by its physiological action. Some 
isaconitine was isolated, but it was contaminated with other amorph- 
ous alkaloids. 

13, “ Aconitine, Pure, from Aconitum Napellus” (English). A 
yellowish-white, crystalline powder melting at 186—187°. It dis- 
solved completely in dilute acid, forming a yellow solution. A large 
quantity of pure aconitine was isolated, together with a small quan- 
tity (about 3 per cent.) of isaconitine. 

14. “ Aconitine, Pure, Crystallised, from Aconitum Napellus” 
(German). A collection of small, nearly white, distinct crystals 
melting at 187°5°, It dissolved in dilute acid, forming an almost 
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colourless solution, which furnished a large quantity of pure acon- 
itine salt. The regenerated alkaloid melted at 188°5°. This speci- 
men consisted of almost pure aconitine. 

15—17. “ Aconitine, Amorphous, from Aconitum Napellus” (Ger- 
man). Three separate specimens of this material were examined. 
It is a yellow, amorphous powder, dissolving in dilute acid with 
the production of a coloured solution. In each case aconitine, 
isaconitine, homisaconitine, and aconine were isolated, but the amount 
of aconitine obtained varied greatly; in one instance as much as 
20 per cent. of the substance was found to be aconitine, whilst in 
another as little as 5 per cent. was present. These products appear 
to represent the total alkaloids of A. Napellus. 

In the light of these results, it is not surprising to learn that great 
variations have been observed in the toxic power of commercial speci- 
mens of aconitine. 

For medicinal purposes, nothing should in future be employed as 
aconitine but the pure crystalline alkalaid melting at 188—189°, and 
having the other characteristic properties recorded in Part I (Trans., 
1891, 59, 271) of this enquiry (see also on this point, Pharm. J., 
3, 23, 765). 

Of the specimens now examined, only two (13, 14) approach this. 
standard, and are entitled to be called aconitine. It is clear from 
the results which are here recorded that the fact that a specimen of 
this alkaloid is crystalline cannot alone be accepted as sufficient 
evidence of purity, as some physiologists have assumed. In the case 
of the salts, the crystalline nature of the specimen is no criterion that 
the substance is an aconitine compound, since the salts of isacon- 
itine are also crystalline. 

It has already been remarked that most of the specimens described 
in this paper were collected some years ago, and since then, espe- 
cially during the last two years, a marked improvement. has oc- 
curred in the quality of commercial aconitine. It is now possible to 
purchase in commerce a nearly pure crystalline aconitine, repre- 
sented by specimens 13 and 14, although the crude, amorphous 
alkaloid is still largely prepared and sold, because this satisfies the 
present requirements of the British Pharmacopoeia! 

Until now, it has not been possible to make anything approach- 
ing to a chemical examination of commercial aconitine, since the 
nature and properties of its chief constituents were either unknown 
or open to doubt. Even now it is not possible to make a com- 
plete examination, as there is certainly one, probably two alkaloids 
which still require investigation, making in all four, or possibly five, 
distinct natural alkaloidal products from A. Napellus. 

No method is at present known for the quantitative determina- 
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tion of the highly toxic alkaloid aconitine. Now that isaconitine 
is known to be a constituent of the plant, and since it, like acon- 
itine, furnishes benzoic acid when hydrolysed, the method suggested 
by Wright for the estimation of aconitine in the crude alkaloid, by 
calculating from the weight of benzoic acid obtained on hydrolysis, 
can no longer be accepted as valid. 


Research Laboratory of the 
Pharmaceutical Society, London. 


XXXVI.—The Electrolysis of Sodium Ortho-ethyl Camphorate. 
By James Watker, D.Sc., Ph.D., F.R.S.E. 


Ir has been shown by Crum Brown and Walker (Annalen, 261, 107; 
and Trans. Roy. Soc. Edin., 36, 211; 3'7, 361) that the potassium 
ethyl salts of bibasic organic acids, on electrolysis of their concen- 
trated aqueous solutions, yield an ethereal product which consists in 
most cases principally of the diethyl salt of a bibasic acid and of the 


ethyl salt of an unsaturated monobasic acid. The changes in virtue 
of which these ethereal substances are produced take place at the 
anode, and may be represented by the following general equations :— 


I. 2COOEt-R"-COO: = COOEt:R’*R”-COOEt + 2C0O., 
Ila. 2COOEt-R’*CR’H:-CR’,-COO: = COOEt:R'-CR’H-CR’.,COOH 
+ COOEtR”-CR’:CR’, + CO,, 
CHR’, _ CHR’; 
IIb. 2COOEt:R'"-C-COO- ~ COOEtR’-C-COOH 
+ COOEt:R”-C:CR’, + CO., 


in which R” represents a dyad alkylene radicle (which may also be 
zero in equations Ila and IIb), and R’ represents hydrogen or an 
alkyl radicle. These substances seem always to be formed in the 
electrolysis when their formation is theoretically possible, but their 
relative amounts vary in the different cases, and they are usually 
accompanied by larger or smaller quantities of other ethereal pro- 
ducts. 

As the true bibasic nature of camphoric acid has recently been 
called in question by Friedel, it appeared to me of interest to investi- 
gate its behaviour on electrolysis. Aqueous solutions of its alkaline 
salts had previously been electrolysed by Bourgoin (Jahresbericht, 
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1868, 576), who found that at the anode only oxygen, carbonic 
anhydride, and carbon monoxide were formed, the anion being thus 
oxidised without formation of any synthetic product. The behaviour 
of the sodium ethyl salt examined by me is very different: the 
change is quite analogous to that which takes place in the case of the 
potassium ethyl salts of acids of the malonic series, the diethyl] salt 
of a bibasic acid and the ethyl salt of an unsaturated acid being 
the chief products. 

The salt used for electrolysis was prepared by the direct u union of 
camphoric anhydride and sodium ethoxide in the manner I have 
already described for the preparation of orthomethyl sodium camph- 
orate (Trans., 1892, 61, 1089). 23 grams of sodium are dissolved 
in 400 c.c. of absolute alcohol, the resulting solution of sodium 
ethoxide is cooled to the ordinary temperature, and to this is added 
gradually 182 grams of finely crystalline or powdered camphoric 
anhydride, which at once dissolves with formation of ethyl sodium 
camphorate. The temperature should not be allowed to rise during 
the reaction, and the solution should stand for some hours before 
being heated. Unlike the corresponding methyl salt, ethyl sodium 
camphorate is freely soluble in alcohol, and does not separate in the 
crystalline state even when the solution is very concentrated, a 
circumstance which occasions considerable trouble in the further 
treatment of the alcoholic solution. As much of the alcohol as 
possible is distilled off on the water-bath, and the thick, faintly 
yellow syrup which remains is poured into a basin, the evaporation 
being continued on the water-bath with constant stirring until all 
the alcohol has been driven off and a white, solid mass is left. This 
operation is very tedious, but cannot be hastened in any way by 
raising the temperature, or by adding water, without prejudicial 
effects on the succeeding electrolysis. The amorphous mass of 
sodium ortho-ethyl salt is then dissolved in 120—150 c.c. of water. 
Although the salt is excessively soluble in water, it dissolves in the 
cold solvent with extreme reluctance, so that it is usually necessary 
to warm slightly, and work up the tough, pasty mass with the water 
by squeezing through the fingers. In this way an almost colourless 
and somewhat viscid solution of the sodium ethyl salt is obtained, 
which may be at once submitted-to electrolysis. As a rule, the solution 
is slightly alkaline, but it is not advisable to avoid this alkalinity by 
taking excess of camphoric anhydride at the beginning of the opera- 
tion. 

The electrolysis was conducted as prescribed by Crum Brown and 
Walker (Annalen, 261, 112—114), a large platinum crucible being 
used as anode, and a spiral of stout platinum wire as cathode. The 
electromotive force of the current was 12 volts, and the average 
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strength 4 ampéres. The successful production of ethereal sub- 
stances in the electrolysis seems to depend on circumstances which I 
have been unable precisely to define. Two batches of ethyl sodium 
camphorate, prepared as far as I could judge in exactly the same 
way, would occasionally show great differences in their behaviour— 
one would give an excellent yield of ethereal product; the other, 
under the same conditions of electrolysis, scarcely any. . As a rule, 
however, some slight alteration in the current strength, temperature, 
or concentration of the solution was sufficient to ensure a fair yield 
of the ethereal salts even from a portion which, to begin with, pro- 
duced nothing but carbonic anhydride and water. If the directions I 
have given for the preparation of the sodium ethyl salt are strictly 
adhered to, I have no doubt that in all cases a successful result will 
be attained, after a preliminary experiment on the most favourable 
conditions of electrolysis has been made. 

Each charge of solution electrolysed weighed about 40 grams, and 
the operation generally lasted an hour and a half. At the expiration 
of that time the current was stopped, and the lighter ethereal layer 
removed from the aqueous solution, which, on continued electrolysis, 
yielded a further small quantity of ethereal product. The aqueous 
solutions from a number of charges were finally united and extracted 
with ether. The ethereal extract was added to the original ethereal 
layer, and the mixture was then dried with calcium chloride, after 
which the ether was distilled off. On the average, the total yield of 
ethereal product was equal to half the weight of eamphoric anhydride 
taken. 

During the electrolysis, the escaping gases carry with them the 
vapour of the unsaturated ethereal salt, the odour being not at all 
unpleasant at the time. But when the vapours become diffused and 
diluted, their smell is very offensive and clings persistently for weeks 
and even months to the clothing, and especially to any leather articles 
which may have been exposed to them. It is, therefore, advisable to 
conduct the electrolysis either in the open air or in a good draught. 

On fractionation, very little of the ethereal product passed over 
below 180°; on reaching that temperature, however, the thermometer 
rose more slowly, and at 212° remained for a long time constant. 
Nearly half passed over between 210° and 220°. Above 225° the 
thermometer again began to rise rapidly, but the distillation was 
stupped at 240°, as decomposition then set in, the brownish residue 
being subsequently fractionated under reduced pressure. At a pres- 
sure of about 15 mm., the chief portion, nearly one-eighth of the whole 
ethereal product, passed over between 135° and 140°. When the 
temperature reached 160°, the distillate partially solidified in the con- 
denser, and the solid continued to come over up to 230°, at which 
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temperature decomposition became very rapid, a large quantity of 
tarry matter remaining behind in the flask. 

The yellowish, semi-crystalline solid which distilled between 160° 
and 220° was spread on a porous tile, and the white crystals which 
remained after the absorption of the yellow syrup were recrystallised 
from ether; they separated from this solvent in colourless needles 
and prisms. From its melting point, 216°, and its general chemical 
behaviour, the crystalline substance was proved to be camphoric 
anhydride, probably a decomposition product of some complex 
ethereal substance formed in the electrolysis (compare Trans. Roy. 
Soc. Edin., 3'7, 375). 

On subsequent investigation, the fraction boiling under the ordi- 
nary pressure at 21(—220° proved to be the ethyl salt of the unsatu- 
rated acid, and the fraction boiling under reduced pressure at 
135—140°, the diethyl salt of the synthetic acid, formed according to 
the general equations already given. These two acids are both new, 
and I propose to name them campholytic acid and camphwthetic acid 
respectively, in order to indicate, to some extent, their nature and 
their mode of formation. 


Campholytic acid, C,H,,O>. 


On refractionation, the portion of the original ethereal product 
which boiled between 210° and 220° came over almost entirely at 
212—213° (uncorr.). The ethyl salt of campholytic acid obtained in 
this way still contained traces of the ethyl salt of camphothetic acid 
as its further behaviour showed, but it was found impossible to 
remove these by repeated fractionation. 

Ethylic campholytate is a colourless, moderately mobile oil, having 
the sp. gr. 0°962 at 15°/4°. It is optically active, and at 10° has the 
specific rotatory power [a]p = +5°04. Its solution in carbon bi- 
sulphide at once decolorises bromine in the cold. 

A combustion gave the following results, 


0°1318 gave 0°3496 CO, and 0°1202 H,O. C = 72°34; H = 10114. 
C,,H,s0, requires C = 72°52; H = 9°89 per cent. 


This ethereal salt may be saponified by boiling for three hours 
with half its weight of potash in alcoholic solution. Even after pro- 
longed boiling, however, the saponification is not complete, and con- 
siderable quantities of the volatile ethyl salt are recovered when the 
alcohol is distilled off from the alkaline solution, to which a little 
water has been added. As the potassium salt of campholytic acid is 
soluble in alcohol, there is no separation of a solid during the 
saponification. On acidifying the aqueous solution of the potassium 


OF SODIUM ORTHO-ETHYL CAMPHORATE,. 499 


salt, the crude campholytic acid rises to the surface as a brown oil ; 
this is removed, and the aqueous solution shaken up with ether to 
extract further quantities of the acid. After drying with calcium 
chloride, and distilling off the ether on the water-bath, the acid may 
be fractionated at the ordinary pressure. Very little passes over 
below 230°, the thermometer remaining constant for a long time at 
240—242°, and then rising slowly to 250°, at which temperature 
evident decomposition sets in. The residue in the flask is a brownish 
mass, which is very viscid while warm, and becomes hard on 
cooling. It probably consists of a polymeride of the unsaturated 
acid. Its formation may be to a great extent avoided if, in- 
stead of being fractionated at once, the crude acid is previously dis- 
tilled over with steam; as, however, campholytic acid is not very 
volatile, this operation occupies considerable time, but the product is 
practically pure, for, on rapid distillation, it nearly all passes over 
between 240° and 245°. The last portions of acid that came over 
with the steam solidified in the condenser, and on examination proved 
to be camphothetic acid, the ethyl salt of which had been present in 
the ethyl campholytate as an impurity. 

Campholytic acid is a colourless, somewhat viscous liquid, which 
boils undecomposed at 240—242° (uncorr.) under the ordinary pres- 
sure. Like its ethyl salt, it is optically active, but rotates the plane 
of polarisation in the opposite sense, having the specifie rotatory 
power [a]p = —5°00° at 10°. Its density at 15°/4° is 1017. In 
water it is only sparingly soluble, but it dissolves readily in alcohol, 
ether, and other organic solvents. 

The following results were obtained on analysis, 


I. 0:1833 gave 0°4706 CO, and 071514 H,O. C = 70:02; H= 9°18. 
Il. 01625 ,, 04174CO, ,, 01342 H,O. C= 70°05; H = 917. 
C,H,,0, requires C = 70°13; H = 9°09 per cent. 


The composition of campholytic acid is, therefore, that of camphoric 
acid minus the elements of formic acid, and the formation of its ethyl 
salt from sodium ethyl camphorate may be represented by the equa- 
tion 


20,H, <COOEt _ o,4,,<OO0Et . 6.4,.COOEt + CO.. 


COO: COOH 


As an unsaturated acid it combines readily with bromine in the 
cold, but it depends on the conditions under which the reaction takes 
place, whether a definite dibromide is formed or not. 

The dissociation constant of the acid was determined from the 
electrolytic conductivity of its solution at 25°. 
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Campholytic Acid, C,H,,0.. 


v Me 100m. 100k. 
94°5 10°33 2°93 000094. 
189-0 14°44 4°10 0°00093 
378°0 20°0 568 0°00091 
756°0 28°8 8-04 0-00093 
K = 0:00093. 

This constant is very low for a monocarboxylic acid. But, as | 
have already pointed out (Trans., 1892, 61, 1096), nearly all the 
acids derived from camphor have similar small constants. Thus the 
constants for the two methyl hydrogen camphorates (allo- and ortho-) 
are 0°00108 and 0:00079 respectively, so that campholytic acid occu- 
pies a place midway between them, which is, hove tited the position it 
might be expected to assume. 

The salts of campholytic acid are all soluble i in water, a concentrated 
neutral solution of the ammonium salt giving no precipitates with 
neutral solutions of the ordinary metallic salts. For the preparation 
of the calcium salt, a portion of the acid was neutralised by boiling it 
with calcium carbonate. The filtered solution showed no tendency 
to crystallise on evaporation, but on keeping for a long time in a 
desiccator over sulphuric acid, a viscous scum formed on the surface 
of the liquid, and small, hard, nodules on the walls of the vessel; 
neither of these, however, seemed to be crystalline. The barium salt 
was prepared in the same way, and behaved in an analogous manner. 
When evaporated in a vacuum over sulphuric acid, a sticky mass was 
left, which did not completely part with its water even after weeks 
in the desiccator. 


0°4078 barium salt dried at 130° gave 0°2125 BaSO,. Ba = 30°7. 
(C,H,;0.).Ba requires Ba = 30°9 per cent. 


Dibromide of Campholytic acid, C,H,Br,0,. 


When bromine in chloroform solution is added at the ordinary 
temperature to campholytic acid dissolved in the same solvent, the 
colour of the bromine instantaneously disappears, hydrogen bromide 
being evolved, and, on further addition of bromine, the solution turns 
black. On evaporating the solvent in a current of air at the ordinary 
temperature, a tarry mass is left, which shows no signs of crystallisa- 
tion even on long keeping. A very different result is obtained, how- 
ever, when the addition of bromine is carried out under the conditions 
recommended by Wislicenus (Annalen, 272,13). Bromine (7 grams) 
was dissolved in 20 c.c. of dry carbon bisulphide in an Erlenmeyer 
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flask provided with a cork through which passed a tap-funnel and a 
calcium chloride tube. The flask was immersed in cold water con- 
tained in a large beaker which had previously. been blackened ex. 
ternally by a smoky gas flame in order to exclude the light. Through 
the tap-funnel there was gradually added a solution of 5 grams of 
campholytic acid in 20 c.c. of dry carbon bisulphide, the tempera- 
ture during the operation never being allowed to rise above 12°. 
The mixture was then left over night in the dark, and on the follow- 
ing morning the carbon bisulphide and the excess of bromine were 
removed by means of a current of dry air. There remained on the 
bottom of the flask a brownish solid mass, which became very nearly 
white when small quantities of light petroleum were successively 
added, and then removed by the air current at the ordinary tempera- 
ture. The substance was finally dissolved in ether, in which it is very 
soluble, and the ethereal solution mixed with about its own bulk of 
light petroleum, in which the bromide is much less soluble. On 
evaporation, the substance separated in nodules of small, ill-formed, 
colourless crystals, and although these were recrystallised several 
times, no crystals of definite form could be obtained, feathery aggre- 
gates of small plates being most frequently observed. 

Dibromide of Campholytic ,acid.—The crystals when spread on a 
porous tile and dried in a vacuum in the dark remain colourless, but 
some of them were observed to blacken superficially on prolonged 
exposure to light. The melting point depends somewhat on the 
manner of heating. As a rule, on heating slowly, the substance was 
found to melt at 106—107° with blackening, but if the tube contain- 
ing it was plunged into a liquid already at that temperature, the 
substance melted quite sharply as soon as it reached 110°, and 
solidified again without blackening if at once removed. It is very 
little soluble in water, easily soluble in alcohol, ether, chloroform, and 
carbon bisulphide, and only slightly soluble in cold light petroleum, 
although it dissolves more freely in the boiling solvent. .On keeping 
for some time at 100°, the dibromide blackens with slight evolution 
of hydrogen bromide. Very little hydrogen bromide is given off 
during its formation in the manner above described, the weight of 
the crude dibromide obtained being almost equal to the theoretical 
quantity. 

A determination of the bromine by Carius’ method gave the fol- 
lowing result. 


0°1752 gave 02075 AgBr. Br = 50°4. 
C,H,,Br,0, requires Br = 50°9 per cent. 


It was only after I had used up almost all the campholytic acid in 
my possession on experiments in other directions that I discovered 
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the special interest attaching to its dibromide, so that here and in 
what follows, I am unable to give full details of the properties of the 
substances described. As the preparation of a new supply of the acid 
will, however, take some considerable time, I now give a preliminary 
account of the results I have arrived at, and hope soon to be in a 
position to supplement them from experiments made with larger 
quattities of material. 

As has already been stated, the dibromide dissolves very sparingly 
in water, but if a drop of ammonia is added to its solution in hot 
water, the liquid becomes turbid after a few moments, and the tur. 
bidity does not disappear either with excess of alkali or on the 
addition of acid. If, instead of a solution of the acid, a suspension of 
it in hot water is taken, and a drop of ammonia is added, the portions 
of the liquid reached by the ammonia become clear for a moment and 
then suddenly turbid again. A slight evolution of gas may also be 
observed if the quantity of ammonia taken is not too large; the gas 
given off is carbonic anhydride. 

The same change takes place in the cold when sodium carbonate 
solution is used instead of ammonia. 5 grams of the dibromide were 
allowed to stand over night with an equal weight of crystallised 
sodium carbonate in aqueous solution. In the morning, the oil which 
had separated was distilled off in a current of steam, in which it was 
very volatile; about 1°5 grams of the oil were thus obtained. The 
residue contained sodium bromide in large quantity and also the 
sodium salt of an acid which was free from bromine, and melted at 
186°, 

The oil, which was heavier than water, was separated and dried with 
calcium chloride. It possessed a characteristic, pleasant smell some- 
what resembling that of oil of turpentine, but sweeter. An attempt 
was made to distil it at the ordinary pressure ; the thermometer rose 
at once to 176°, at which temperature the substance began to boil, 
undergoing considerable decomposition. The operation was therefore 
interrupted, the substance redistilled with steam, dried, and purified 
by distillation ina vacuum. The distillate was only slightly yellow, 
and a bromine determination gave the following numbers. 


0°3050 gave 0°2970 AgBr. Br = 41°4. 
C,H,;Br requires Br = 42'3 per cent. 


From the boiling point, the insolubility in acids and alkalis, the 
great volatility with steam, and the nature of the reaction in which 
it was produced, it seemed very probable that the substance was 4 
brominated unsaturated hydrocarbon formed by the decomposition of 
the alkaline salt of the dibromo-acid, according to the equation 


C,H,,Br,,>COONa = C,H,;Br + CO, + NaBr. 
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The amount of bromine found in the substance, although falling 
somewhat short of the theoretical amount, is sufficient to confirm this 
view, when we take into consideration the small quantity of substance 
which had to be dealt with, and also the detection of both the other 
products of the reaction. 

Decompositions such as the above, in which an alkaline salt in 
aqueous solution is resolved into an alkaline bromide, carbonic 
anhydride, and an unsaturated bromohydrocarbon, are confined to 
af-dibromo-acids, a fact of considerable importance in fixing the re- 
lative position of the carboxyl groups in camphoric acid. 

The brominated hydrocarbon readily absorbs bromine in carbon 
bisulphide at the ordinary temperature. A small portion was thus 
treated with excess of bromine and allowed to stand one hour, after 
which the solvent and the remaining bromine were driven off by a 
current of dry air. A thick, slightly yellow liquid was left, which 
was easily soluble in ether, but insoluble in water, and only sparingly 
soluble in alcohol. When dissolved in a large quantity of alcohol, it 
separated in heavy, oily drops as the alcohol evaporated. All the 
alcohol was removed at 80°, at which temperature the oil is not at all 
volatile. It smells pleasantly, but has a more pungent odour than the 
compound C;H,,Br. On heating, it boils with decomposition, blacken- 
ing, and evolving large quantities of hydrogen bromide. A volatile 
liquid, probably a hydrocarbon, is formed, but the quantity obtained 
was so small as to preclude further investigation for the present. 

Ethyl campholytate absorbs bromine under the same conditions as 
campholytic acid itself. In this case, however, the tendency to de- 
composition with blackening and evolution of hydrogen bromide is 
not so great, so that the addition of bromine may be effected in the — 
ordinary way. Wislicenus’ method, however, is preferable, the 
quantity of hydrogen bromide formed being then very small. 

The bromine addition compound is a heavy, yellow liquid, with a 
characteristic penetrating odour. It gives off hydrogen bromide 
slowly at the ordinary temperature, and on keeping becomes much 
darker in colour. It decomposes when boiled, but may be distilled 
with steam. 

A determination of the bromine in the undistilled product gave 
the following results. 


0'2040 gave 0°2256 AgBr. Br = 47:1. 
C,,H,,0,Br, requires Br = 46°8 per cent. 
The dibromo-ethereal salt, when shaken up with cold, moderately 


concentrated caustic potash solution, at once gives the characteristic 
smell of the hydrocarbon C,H,;Br. 
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Camphothetic acid, C\sH..3(COOH)s. 


The portion of the original ethereal product of electrolysis boiling 
at 135—140° under reduced pressure (about 15 mm.) was refraction. 
ated. It then contained very little of the ethyl salt of campholytic 
acid, as it did not decolorise bromine in the cold, even after standing 
for some time. A determination of the molecular weight of the 
liquid by the depression of the freezing point of benzene gave the 
following result. 


0°682 gram of substance dissolved in 17°90 grams of benzene 
lowered the freezing point of the solvent 0°642°, corresponding 
to a molecular weight of 310. The molecular weight of diethy| 
camphothetate, C2H,O,, is 338. 


The diethyl salt is a pale-yellow liquid (probably colourless when 
pure), and has a sp. gr. of 1019 at 18°/4°. It is dextrorotatory, 
having a specific rotation [a]p = +30°6° at 10°. 

As the saponification of diethyl camphothetate by means of alcoholic 
potash did not yield a satisfactory result, the ethereal salt was 
heated in sealed tubes for five hours at 130° with its own volume of 
hydrobromic acid of sp. gr. 1°7. On cooling, two layers were found 
in the tubes, the upper being black and containing crystals, the 
lower aqueous layer being brown and transparent; the bulk of the 
upper layer consisted of ethyl bromide, The crystals which had sepa- 
rated were filtered off, and all the liquid contents of the tube were 
distilled over with steam after the hydrobromic acid had been 
partialy neutralised with sodium carbonate. Ethyl bromide came 
over first, then the diethyl camphothetate which had been unattacked, 
and finally camphothetic acid crystallised in the condenser. The 
crystals were united with those which had separated out in the tube, 
and the whole was recrystallised from alcohol, and then from light 
petroleum. 

Camphothetic acid obtained in this way is a colourless substance, 
which crystallises in small, rectangular tables, and melts at 132’. 
It is very sparingly soluble in water, easily in alcohol or ether, and 
moderately in hot light petroleum, but only slightly in the cold 
solvent. It volatilises with steam, and may be distilled at a high 


temperature apparently unchanged. 
0°1044 gave 0°2675 CO, and 0:0900 H,O. C = 69°88; H = 9°59. 
CigHO, requires C = 69°68; H = 9°68 per cent. 


The following numbers were obtained for the electrolytic con 
ductivity at 25°. 
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Camphothetic acid, C,.H..(COOH),. 
Bo = 350, 
v. ‘ as B. 100i. 100k. 
1700 57°1 575 57°3 16°4 00018 
K = 0:0018. 


Here again we observe the small value of the dissociation constant 
peculiar to camphor derivatives. The constant 0°0018 is just equal 
to that of acetic acid, and much smaller than we should expect for 
the constant of a dicarboxylic acid. Camphoric acid itself, however, 
has a constant of only 0°00225, so that the value for camphothetic 
acid when compared with that number is normal, as far as the rela- 
tion of the two acids to each other is concerned, for in camphoric acid 
the two carboxyl groups are separated by a smaller number of carbon 
atoms than in camphothetic acid; consequently the dissociation con- 
stant of the former ought to be somewhat greater than that of the 
latter. 

The alkaline salts of camphothetic acid are fairly soluble in water, 
and can be crystallised from that solvent. A saturated solution of 
ammonium camphothetate behaved as follows when solutions of 
metallic salts were added to it. 

Magnesium Chloride.—No precipitate. 

Calcium Nitrate——No precipitate in the cold, but on heating a 
granular precipitate comes down, which redissolves on cooling. 

Barium Nitrate-——White precipitate, which dissolves in a little cold 
water. It may be reprecipitated from the solution by heating. 

Zine Nitrate—Curdy, white precipitate, slightly soluble in boiling 
water, 

Cadmium Nitrate——Crystalline, white precipitate, soluble in cold 
water, 

Mercuric Chloride.—W hite, insoluble precipitate, which coagulates 
on heating. 

Mercurous Nitrate-——Dense, white precipitate, which turns grey on 
heating, and at once blackens with ammonia. 

Silver Nitrate—Dense, white precipitate, soluble in much hot 
water. Does not blacken on boiling, but becomes coloured on ex- 
posure to light, Soluble in ammonia. 

Copper Nitrate——Bluish-green precipitate, quite insoluble in water ; 
easily soluble in ammonia. 

Lead Nitrate—White, opalescent precipitate ; soluble in hot water. 

Stannous Chloride.—Dense, white, flocculent precipitate, slightiy 
soluble in boiling water. 

Ferrous Sulphate.—Faintly yellow precipitate, slightly soluble in 
boiling water. 
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Ferrie Nitrate—Flocculent, yellow precipitate, which becomes 
brown on boiling. Insoluble. 
The silver salt obtained by precipitation was analysed, with the 


following result. 

0°2274 gave 0°0936 Ag. Ag = 41°2. 

C,,H,,0,Ag, requires Ag = 41°2 per cent. 

The barium salt was prepared by boiling the acid, in aqueous solu. 
tion, with barium carbonate until it was completely neutralised. The 
filtered solution was concentrated first by heating, and afterwards in 
a vacuum. The crystals which separated were collected and dried 
over sulphuric acid. 


02444 lost 0°0420 at 130° and yielded 0°1052 BaSO,. Ba = 253; 
H,O = 17°. 
BaC,;H.».0,,5H20 requires Ba = 25°6; H,O = 16°8 per cent. 


Constitution of Camphoric acid. 


That camphoric acid is in reality a dicarboxylic acid may now be 
taken for granted. The recent work of Briihl, Haller, Angeli, and 
others bearing on this point has led all these observers to that con-. 
clusion ; and, as I have shown (loc. cit.), the magnitudes of the disso- 


ciation constants of the acid itself and of its acid methyl salts are 
explicable on no other assumption. If further proof were required, 
it is furnished by the behaviour of the sodium ethyl salt en electro- 
lysis. The course of the reaction and the nature of the products 
formed are normal for a dicarboxylic acid of the ordinary succinic 
acid type. First of all it must be conceded that the acid contains 
one carboxyl group, which in the sodium ethy] salt is converted into the 
group *COONa, as otherwise the normal decomposition as a salt of 
the acetic acid type could not be explained. Then the chief products 
of the electrolysis are the ethyl salts of two acids, one undoubtedly 
a monocarboxylic acid, and the other undoubtedly a dicarboxylic acid. 
Thus the residue of the camphoric acid after the removal of one 
carboxyl group still contains another carboxyl group, so that in the 
parent substance there must have been two of these groups originally 
present. Any other view involves great straining, and the assump- 
tion of atomic rearrangements within the molecule, which, in view of 
the simple and normal course of the action, are quite inadmissible. 
The formula for camphoric acid which is at present most in vogue is 
that advanced by Victor Meyer and Von Ballo, which represents the 
substance as a dicarboxylic acid derived from tetramethylene, 
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CH; CH; 
NZ 
CH 
H,.0—O—COOH 
H.C—C—COOH 
CH, 


This formula perfectly well explains the behaviour of sodium ethyl 
camphorate on electrolysis, but, as I shall endeavour to show, it fails 
to account for the nature of the products formed. 

Referring back to the general equations Ila and IIb for the forma- 
tion of an unsaturated ethereal salt by electrolytic decomposition, we 
find that the carbonic anhydride attached to one carbon atom leaves 
the molecule along with a hydrogen atom attached to the neighbour’ 
ing carbon atom; thus the anion R,HC-CR,*COO: becomes R,C:CR,°. 
Applying this principle to Ballo’s formula, the possible unsaturated 
ethereal salts we may obtain are 

CH; CH; CH; CH; 
\Z pF 
CH CH 
H.C—C—COOEt H,C—C—COOEt 
me from ss 
H.C—C—COONa f 


ay r from | 
H,C—C—cookt ° H,C—C—COOEt H,C—0—COOKt: 
CH, CH, GH, 


It will be observed that these are all salts of By-unsaturated acids, 
and therefore the acids obtained from them, by the addition of bromine, 
ought to be By-dibromo-acids. But the alkaline salts of 8y-dibromo- 
acids do not, in aqueous solution, yield unsaturated hydrocarbons ; it 
is only the salts of 28-dibromo-acids which behave in this manner, the 
decomposition being represented by the general equation 


4 — RBrC:CR, + CO, + NaBr. 
2 Br: 


Since the dibromo-acid from campholytic acid decomposes accord- 
ing to the above equation, and is therefore an af-acid, it follows that 
VOL. LXIII. 2N 
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campholytic acid itself is an ~S-unsaturated acid, and consequently 
that Ballo’s formula for camphoric acid is incapable of explaining the 
observed facts. 

It might indeed be urged that by internal rearrangement a 
Ay-unsaturated acid originally formed would pass into the corre- 
sponding a@-acid, for changes of this kind are by no means in- 
frequent. We must consider, however, that the reagents employed 
and the conditions of the reactions are all extremely unfavourable to 
such an intramolecular transformation. The electrolytic decomposi- 
tion was conducted at a temperature not exceeding 30° at the highest 
and in a solution only slightly alkaline with sodium carbonate and 
bicarbonate. Again, the addition of bromine took place under 
conditions shown by Wislicenus to exclude almost entirely the 
possibility of an internal atomic rearrangement. The only operation 
where such a change would be possible is the saponification of the 
ethereal salt of the unsaturated acid by means of alcoholic potash. 
That an isomeric transformation did not occur at this stage is, I think, 
sufficiently shown by the formation of the unsaturated bromhydro. 
carbon from the dibromide of ethyl campholytate and aqueous potash. 
Here the addition of bromine takes place before there is any chance 
of intramolecular rearrangement, and the action of cold aqueous 
potash is certainly insufficient to bring about such a process in a 
dibromo-compound. The ethyl salt is directly saponified, the sodium 
salt produced at once splitting up into sodium bromide, carbonic 
anhydride, and the unsaturated bromhydrocarbon. 

Even admitting, however, that the possibility of intramolecular 
change is not excluded, Ballo’s formula still fails to explain the facts, 
as a glance at the possible formule derived from it for the un- 
saturated ether will show. In order that a transformation from a 
Ay-acid to an aB-acid may take place, it is necessary that there should . 
be a hydrogen atom attached to the a-carbon atom, but in ail the 
formule for the unsaturated acids the a-carbon atom is quaternary, s0 
that no transformation of the required type can possibly occur. 

We may now look at what kind of formule will admit of the 
direct formation of an af-unsaturated acid by electrolysis of 4 
dicarboxylic acid. The bibasic acid cannot be a glutaric acid deriva- 
tive, for in the most favourable case the acid 


COOH:-CR,CHR’CR,-COOH 
could only give COOH-CR,°C:CR,, a By-unsaturated acid. A fortiori, 


derivatives of adipic acid and higher normal acids of the same series 
are excluded. The only possibilities remaining, then, are that the 


bibasic acid should be derived from malonic or succinic acid. A 


malonic acid derivative of the formula CR,H-RO<COOH would 
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yield an unsaturated acid CR.:CR:COOH, in which the double 
linking is in the 28-position. But camphoric acid is assuredly not 2 
derivative of malonic acid ; its whole chemical behaviour contradicts 
such an assumption. It can only, therefore, be a succinic acid 
derivative, and to this extent Ballo’s formula is correct. But it must 
be a succinic acid derivative of a special type. One of the atoms to 
which a carboxyl group is attached must have a hydrogen atom 
attached to it also, otherwise an 2 $-unsaturated acid cannot be 
formed. Thus, from 


COOH:CR,°CR.,COOH 


it is impossible to obtain an @f-acid by removal of a carboxyl group 
and a hydrogen atom from one of the radicles R, which is the normal 
reaction during electrolysis. The acid must be of the type 


COOH:CHR:CR.-COOH, 


which becomes COOH:CR:CR,, an a -unsaturated acid, on elec- 
trolysis. Camphoric acid, therefore, must contain the group 


H 
—C¢-COOH 


—C'COOH : 


and the sodium ethyl salt formed from its anhydride and sodium 


ethoxide the group 
H 
—C-COOEt 


—C-COONa ” 
This sodium ethyl salt, on electrolytic decomposition, yields ethyl 
campholytate containing the group 
—C-COOEt 
—C 


| 
and diethyl camphothetate with the group 


H H 
—C-COOEt —C-COOEt : 


wif S.. 


The only published formula for camphoric acid known to me 
which satisfies the above requirements is that proposed by Collie 
(Ber., 25, 1116). 
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CH 


“N 
H.C CH:COOH 


I 
Cc - 


CH, 
Campholytic acid, on the basis of this formula, would be 


ou. 


CH 


i* 
#0 C-COOH 
H,C CCH; 
NZ 


CH, 
and camphothetic acid 


CH; CH; 

CH CH 

“N\ 4N 
H.C CH-COOH COOH-HC CH: , 


C CH; 


CH, 


A more extended investigation of the new acids and their derivatives 
may serve to throw farther light on the question as to whether these 
formule are valid or not. 


University College, London, 
February, 1893. 


XXXVII.—Ethereal Salts of Glyceric acid, Inactive and Active. 


By Percy Frankianp, Ph.D., B.Sc., F.R.S., and Joun MacGrecor, 
M.A., late Forster Research Scholar in University College, 
Dundee. 


In a recent communication by one of us (Percy Frankland and Apple- 
yard, this vol., p. 296), a number of metallic salts of the two glyceric 
acids were described, and their composition and physical properties, 
more especially the rotatory power of the one series of glycerates, 
compared. The present paper contains the results which we have 
obtained in a somewhat similar investigation of the ethereal salts 
of the same acids. ; 

The ethereal salts, even of inactive glyceric acid, are all but un- 
known; Debus, its discoverer in 1858, failed to obtain from it any 
compounds of this class (Annalen, 106, 92), and it was not until 1871 
that ethyl glycerate was prepared by Henry (Ber., 4,706). The pro- 
duct, however, was by no means pure, as indicated by the analytical 
figures and from the fact that it was distilled under atmospheric 
pressure at 230—240°, at which temperature it undergoes partial de- 
composition. 

It is obvious, therefore, that further information concerning the 
ethereal salts of ordinary glyceric acid was much wanted, whilst the 
preparation of the corresponding compounds of the active glyceric 
acid was a particularly attractive subject for research, in consequence 
of the interesting optical relationships which it was to be anticipated 


they would exhibit. 


Ethyl Glycerate, CH,(0H)*CH(OH)-CO(OC,H;). 


Preparation. (a.) Inactive.—25 grams of inactive calcium glyc- 
erate were precipitated with the theoretical quantity of oxalic acid, 
the oxalate of lime was filtered off, and the filtrate evaporated to a 
thick syrup on the water-bath. This syrup, consisting of free glyceric 
acid, was dissolved in pure ethyl alcohol (99°3 per cent. strength), 
and transferred to two wide tubes, which were subsequently sealed 
and heated in an oven, the one for four hours at 180°, the other for 
four hours at 180° and then for three hours at 190°. The liquid in 
the latter tube became somewhat yellow. The contents of both tubes 
were mixed and distilled under atmospheric pressure, but, after the 
unaltered alcohol had passed over, the residue in the distilling flask 
darkened, and was obviously undergoing decomposition, no satisfactory 
distillate being obtained. 
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In a second experiment, the mixture of alcohol and glyceric acid, 
after being heated in a sealed tube for four hours at 190°, was placed 
in a distilling flask, and heated on a water-bath until the greater part 
of the unaltered alcohol had passed over. The flask was then fitted 
air-tight with the condenser and receiver, the latter being connected 
with a good water-pump, and the distillation continued under very 
greatly reduced pressure. A small quantity of liquid passed over 
below 100°, which being, doubtless, alcohol, was rejected. The ther- 
mometer then rose rapidly, the main distillate being collected below 
140°. The distillation was now stopped, as the residue in the flask 
was becoming highly coloured and gave an acid reaction. 

The distillate obtained between 100° and 140° was redistilled, under 
about 0°5-inch mercury pressure, almost the whole now passing over 
at 126°. The distillate thus obtained was clear, colourless, and 
neutral to test-paper ; it was submitted to analysis with the following 
results :-— 

Found: C = 43°50 and 43°50; H = 7°50 and 7°57 per cent. 
C,H yO, requires C = 44°78; H = 7°46 per cent. 

The analyses show that the ethyl glycerate was not pure. The 
liquid was therefore shaken up at intervals with fused calcium 
chloride during 48 hours, and, after separating from the calcium 
chloride, it was distilled under a pressure of about 22 mm., practi- 
cally the whole passing over between 126° and 130°. On analysis, 
this distillate gave 

C = 44°68 per cent.; H = 7°49 per cent., 
showing it to be pure ethyl glycerate. 

The ethyl glycerate is a colourless, somewhat viscid liquid, boiling 
at 120—121° under a pressure of 14mm. The sp. gr. at 15°/15° was 
found to be 1°1909, which is markedly less than that of the methyl 
compound. In the same way, it will be found that the density of 
the ethyl is greater than that of the propyl, and the latter greater 
than that of the butyl glycerate. 

(b.) Active—The mode of preparation was precisely similar to 
that described above, excepting that the active calcium glycerate was 
made the starting point for the glyceric acid used. The liquid 
obtained was found to have a sp. gr. at 15°/15° of 1°1921, which cor- 
responds so closely with that of the inactive ethyl glycerate as‘ to 
leave no room for doubt as to its purity. 

The rotation was determined in the short tube (99°2 mm.) of the 
polarimeter, at 15°, and a deviation of —10°85° was obtained, from 
which it follows that the specific rotation 


— ee 
[>= o593 x Vion = ~ 92%: 
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Methyl Glycerate, CH,(OH)*CH(OH)-CO(OCH;). 


Preparation. (a.) Inactive-—The method pursued was essentially 
similar to that already described in the case of the ethyl salt. The 
glyceric acid and methyl alcohol were heated at 183° for four hours 
ina sealed tube. The excess of methyl alcohol was distilled off on 
the water-bath, the subsequent distillation being carried on under 
greatly reduced pressure. The distillate obtained was dried with 
calcium chloride and then redistilled. The greater portion passed 
over at 134° under a pressure of about 20 mm., the heat being applied 
by means of an oil-bath. Two combustions of this distillate were 
made with the following results :— 


Found: C = 39°94 and 39°99; H = 6°69 and 6°67 per cent. 
C,H,O, requires C = 40°00; H = 6°67 per cent. 


The product was therefore pure methyl glycerate. 

The liquid was colourless and very viscid, much more so than the 
ethyl glycerate. On redistillation, the boiling point was found to be 
119—120° under a pressure of 14 mm. The sp. gr. at 15°/15° was 
found to be 1°2814. 

Preparation. (b.) Active-——The method was exactly the same as 
that already described, excepting that the glyceric acid was prepared 
from the active calcium glycerate. 

The active methyl glycerate is a colonrless liquid, which is much 
more viscid than the ethyl compound. The sp. gr. at 15°/15° was 
found to be 1:2798, and is thus practically identical with that of the 
inactive compound. The liquid boils at 119—120° under a pres- 
sure of 14 mm. 

The rotation was determined for sodium light in the 198°4 mm. 
tube at 15°, a deviation of —12°2° being obtained, from which it 
follows that the specific rotation 


OO 


1-984 x 12798 


Normal Propyl Glycerate, CH,(0H)-CH(OH)-CO(OCH,-CH,’CH;). 


Preparation. (a.) Inactive-—The method was again similar to that 
employed for the ethyl and methyl compounds. The propyl alcohol 
used had the boiling point of 96° (it is given as 97°4° corr. in Beil- 
stein), and was therefore presumably pure. It was heated with glyc- 
eric acid in the sealed tube for 64 hours at 179—190°. The subse- 
quent distillation was carried on from the beginning under reduced 
pressure, the greater part of the unaltered alcohol passing over below 
70°, and a few more drops below 100° ; these portions were rejected, 
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and the remainder was collected in two fractions, the first below, and 
the second above, 140°. These two fractions were dried with calcium 
chloride. On redistillation, the first nearly all came over at 
136°5—137° under a pressure of about 24 mm.; the second fraction 
was then added to the residue in the flask, and again a large part 
passed over at the same temperature. As the boiling point did not 
remain quite as steady as it should do, the whole of the above dis. 
tillate was again distilled under the same pressure of 24 mm.; a 
few drops passed over below 138°, whilst the greater part distilled 
at 140—141°. With this distillate a combustion was made, with 
the following results :— 


Found: C = 48°48; H = 8:12 per cent. 
C.H,,0, requires C = 48°65; H = 8:11 per cent., 


showing that the product was practically pure propyl glycerate. 

It is a colourless, viscid liquid boiling at 126—127° under 
14 mm. pressure, and of sp. gr. 1°1393 at 15°/15°. This specimen 
was kept a week, and then redistilled. The sp. gr. of the dis- 
tillate was found to be 1°1453, which is all but identical with 
the figure subsequently obtained for the active propyl glycerate 
as given below. 

(b.) Active—On mixing the propyl alcohol with active glyc- 
eric acid, a large quantity of a white solid separated, but the 
greater part of this disappeared when the mixture was subsequently 
heated in the sealed tube at’ 180—185° for seven hours. The pre- 
paration in other respects resembled that of the ethereal salt 
already described. From 22°29 grams of active glyceric acid, 18°5 
grams of purified propyl glycerate were obtained. The liquid had 
a sp. gr. at 15°/15° = 1:1448. 

The rotation was determined in the short (99°2 mm.) tube of the 
polarimeter at 17°, and a deviation of —14°7° obtained, from which 
follows the specific rotation 

—14°7 


[“]>= So93-x Tiga ~~ 179%": 


Isopropyl Glycerate, CH,(O0H)-CH(OH)-COO-CH(CH,;).. 


(a.) Inactive-—28'56 grams of inactive glyceric acid were heated 
with 70 grams of isopropyl alcohol for seven hours at 170—190°. 
The liquid was much discoloured after heating, and on opening the 
tube there was an abundant escape of gas, which had not occurred 
in the case of the similar preparation of the ethereal salts hitherto 
described. On distilling the liquid under reduced pressure, the excess 
of isopropyl alcohol first passed over at alow temperature, a few drops 
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of liquid were also obtained below 100°, and then a fraction between 
100° and 140°. This fraction was dried with calcium chloride, and 
then redistilled under reduced pressure; a few drops came over 
below 120°, and then the main portion at 125—135°, but this distil- 
late was slightly straw-coloured, not homogeneous, and obviously 
impure. A second attempt to prepare it in the same way was equally 
unsuccessful. 

The active salt was subsequently prepared by means of the hydro- 
chloric acid method described below, but, in consequence of the per- 
fect uniformity in properties between the inactive and active ethereal 
salt described above, we did not think it worth while to spend any 
further time on the preparation of the inactive isopropyl glycerate. 

(b.) Active—24°7 grams of active calcium glycerate were pre- 
cipitated with the calculated quantity of oxalic acid, the calcium 
oxalate filtered off, and the filtrate containing the active glyceric acid 
concentrated under reduced pressure in a Wurtz flask. To the 
syrupy residue, 25 c.c. of isopropyl alcohol were added, and into this 
mixture, which became nearly clear on warming, but turbid again on 
cooling, a stream of dry hydrogen chloride was passed for two hours. 
It was then allowed to stand for 48 hours, when the contents of the 
flask were semi-solid, consisting of white suspended matter distributed 
in a dark liquid.* It was found impossible to distil this mass, owing 
to bumping ; about 30 c.c. more isopropyl alcohol were, therefore, 
added, hydrogen chloride again passed to saturation, and the flask 
again allowed to stand for 48 hours, but it was still found impossible 
to distil the contents. The latter were, therefore, twice shaken with 
ether to dissolve out the ethereal salt, a white, pasty, insoluble mass 
being left. The ethereal extract, which was reddish-brown (in the 
case of no other ethereal salt prepared by this method was the extract 
coloured), was heated on the water-bath to drive off the ether, and 
distilled under reduced pressure; the distillate chiefly passed over 
at 134°. The quantity, however, was insufficient for polarimetric 
examination, and was, moreover, certainly impure, being of a pale 
straw colour. Several further portions were prepared on similar 
lines, but in all cases the yield was very small and unsatisfactory. 
By uniting the several preparations, however, ultimately sufficient 
crade material was obtained to dry with calcium chloride, and to 
submit to redistillation. ‘The purified product was found to distil at 
114—116° under 13 mm. pressure. The sp. gr. determined at 15°/15° 
was 11303. 

The rotation was determined in the short (99°2 mm.) tube of the 


n passing gaseous hydrogen chloride through isopro alcohol alone, we 
*O g hydrogen chloride through isopropyl alcohol alone, 
found that it became similarly darkened. 
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polarimeter at 15°, and a deviation of —13°25° observed, from which 
is obtained 
eS . eee 
[*]>= 992 x 11303 ~ — 118". 
A combustion of the active isopropyl salt yielded the following 
results :-— 


Found: C = 48°69; H = 8:18 per cent. 
C.H,,O, requires C = 48°65; H = 8°11 per cent., 


thus showing the purity of the product. 


Normal Butyl Glycerate, CH..OH)-CH(OH)CO(OCH,’CH,°CH.°CH,). 


(a.) Inactive—In consequence of the costly character of the 
normal primary butyl alcohol, we did not deem it worth while to 
prepare the inactive glycerate. 

(b.) Active-—In the tirst experiment, 18°7 grams of active glyceric 
acid were mixed with 25 grams of normal primary butyl alcohol 
(b. p. 116°5°), and the mixture heated for 7} hours at a temperature 
of 180°, after which the resulting ethereal salt was purified by distil- 
lation and drying with calcium chloride in the manner previously 
described. The product gave a rotation of —13°1° in the short 
(99°2 mm.) tube of the polarimeter at 19°, from which follows the 
specific rotation (using the density 1°1155, subsequently determined 
in another specimen) :— 


— 13°] ° 
eT 
[@]>= S993 x T1155 S06, 


a figure which is almost identical with that previously obtained for 
isopropyl glycerate. Owing to the liquid not being perfectly homo- 
geneous, we do not, however, attribute so much importance to this 
value for the rotation of normal butyl glycerate as to those subse- 
quently obtained for this substance. We have also prepared normal butyl 
glycerate by the hydrochloric acid method. To the dried glyceric 
acid 25 c.c. of normal butyl alcohol were added, hydrogen chloride 
was then passed to saturation, and the mixture allowed to stand for 
48 hours, after which the hydrochloric acid and excess of alcohol 
were distilled off. 25 c.c. more of the normal butyl alcohol were then 
added, the above process being repeated a second time, and finally a 
third time. The liquid was then fractionally distilled under reduced 
pressure, 23 grams of the impure salt being obtained between 
155° and 160°. This was dried over calcium chloride, and then redis- 
tilled in a vacuum, 17 grams passing over at 132—138°. 

The density of this product was determined at 15°/15°, and found 
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to be 1°1148. The rotation obtained in the 198°4 mm. tube at 18° 
was —25°1°, corresponding to the specific rotation 


= a 


[“]o= foga-% 1118 = 


The ethereal salt was then redistilled in a vacuum, and the density 
at 15°/15° found to be 11155, or practically the same as before. The 
rotation in the 99°2 mm. tube at 18° was —12°2°, corresponding to 
the specific rotation 


we ee 
[2]o= o509-x Tiss ~ ~ tO 


The coincidence between the density before and after this redistilla- 
tion is, therefore, as close as could be expected, whilst the difference 
in rotation is somewhat greater. 

On analysis, the following results were obtained :— 


Found: C = 50°48, 50°22, 50°30, and 50°22 per cent.; H = 8°40, 
8:44, 8°56, and 8°61 per cent. 
C,H,,O, requires C = 51°85; H = 8°64 per cent. 


Combustions III and IV were made on material which had been 
distilled once again. 

Thus, in spite of the repeated distillations, the product was dis- 
tinctly impure, nor did the quantity available permit of our sub- 
nitting it to any further process of purification. 

From the above polarimetric determinations it will be seen that 
normal butyl glycerate, as prepared by us, has a smaller rotation 
than the isobutyl compound to be described hereafter, and, although 
this normal butyl salt is, unquestionably, somewhat impure, we think 
it highly improbable that the lower rotation can be due to the im- 
purity of the product, as the difference in rotation is so very marked. 
This is the more improbable, moreover, in view of the comparatively 
close coincidence between the rotations of the normal butyl products 
obtained by the sealed tube and hydrochloric acid methods respec- 
tively, whilst, again, the close agreement between the rotations of the 
normal and secondary butyl salts points also in the same direction. 


Primary Isobutyl Glycerate, CH.(OH)-CH(OH)-COO-CH.-CH(CH;):. 


(a.) Inactive.—For this we resorted to the hydrochloric acid method 
described above (p. 515), and which is substantially similar to that 
used by Anschiitz and Pictct (Ber., 13, 1176) in the preparation of 
some of the ethereal tartrates. 
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21-4 grams of glyceric acid reduced to the consistency of a syrup 
were mixed with 25 c.c. of isobutyl alcohol (b. p. 107—108°), and, 
after saturating the mixture with dry hydrogen chloride, it was 
allowed to stand for 40 hours. The uncombined alcohol was then 
driven off under reduced pressure on a water-bath, 25 c.c. more of 
fresh isobutyl alcohol was added, and hydrogen chloride again passed 
to saturation; after standing 24 hours, the excess of alcohol was dis- 
tilled off, and 25 c.c. of fresh isobutyl alcohol again added, hydrogen 
chloride being again passed to saturation. The liquid was then twice 
submitted to fractional distillation under greatly reduced pressure, 
20 grams of the purified product being obtained. It was then sub- 
mitted to analysis with the following results :— 


Found: C = 51°02 and 51:28; H = 8°63 and 8°64 per cent. 
C,H,,0, requires C = 51°85; H = 8°64 per cent. 


As the figures pointed to the presence of slight impurity, the 
ethereal salt was dried with calcium chloride and redistilled under 
reduced pressure; the distillate was submitted to analysis with the 
following results :— 

C = 51°42 per cent.; H = 8°68 per cent., 


thus showing that the substance was now nearly pure. Its sp. gr. at 
15°/15° was found to be 1°1019, and, after another redistillation, 1°1024, 
which thus presented no material alteration. The boiling point was 
128—130° under 15 mm. pressure. 

(b.) Active—This was prepared in the same way as the inactive 
isobutyl glycerate described above ; 26°7 grams of active glyceric acid 
were mixed with 25 c.c. of isobutyl alcohol and gaseous hydrogen 
chloride passed through it for five hours ; after standing 60 hours, the 
uncombined alcohol was distilled off under reduced pressure on the 
water-bath, and the residue treated twice more in the same way, 
using 25 c.c. isobutyl alcohol each time. The liquid was then dis- 
tilled under reduced pressure, the principal fraction passing over 
between 149° and 152°; this was dried with calcium chloride, and 
redistilled, when about 17 grams, or 56 per cent. of the theoretical 
yield of the purified product was obtained. The sp. gr. at 15°/15° 
was found to be 1:1038, as compared with 1°1024, the sp. gr. of the 
inactive compound found above. 

The rotation was determined in the short (99°2 mm.) tube of the 
polarimeter, and a deviation of —15-4° obtained, from which follows 


—15°4 
alp= = —]407°. 
[@]>= 5993 x 11038 


It was again distilled, and the sp. gr. and rotation of the distillate 
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determined once more; the sp. gr. at 15°/15° was now found to be 
11051, whilst a deviation of —15°6° in the polarimeter at 18—19°5° 
was observed, giving 
[alp= PS... am 
0°992 x 1°1051 

In order to ascertain whether any appreciable decomposition takes 
place when these ethereal salts are kept, the rotation was again de- 
termined after the lapse of upwards of four months, the isobutyl 
glycerate having been preserved in a sealed tube during the interval. 
The rotation obtained was almost precisely the same as before, namely, 
a deviation of 15°5° being observed in the short tube at 15°. 

An experiment was also made to ascertain whether the rotation was 
sensitive to temperature, but at 11° the deviation observed was pre- 
cisely the same as at 15°, from which it may be concluded that small 
differences of temperature do not exert any appreciable influence on 
the rotation of these compounds. 


—14°23°, 


Secondary Butyl Glycerate, 
CH.(OH)-CH(OH)-CO(OCH(CH;)-CH.°CH;). 


(a.) Inactive—We did not attempt the preparation of the inactive 


ethereal salt. 

(b.) Active-—22°5 grams of active glyceric acid were evaporated to 
a thick syrup to which 25 c.c. of secondary butyl alcohol (boiling 
point 96—98°) were added, and hydrogen chloride was passed to 
saturation. After 48 hours, the mixture had become a solid, white 
mass, Which changed to a thin, white paste on being warmed on the 
water-bath. The excess of alcohol was distilled off under low pres- 
sure, and the semi-solid residue remaining in the flask was then 
treated once more in the same way, using 25 c.c. of the secondary 
butyl alcohol each time. On attempting to distil under reduced 
pressure, it was found impossible to proceed in consequence of the 
bumping occasioned by the large amount of white solid in suspension. 
The contents of the flask were, therefore, extracted with ether six 
times in succession to dissolve any of the butyl glycerate that might 
have formed. The last two extracts were colourless, the solid matter 
mentioned above being left as an extremely fine, white powder. 

The ethereal extracts were concentrated; after the ether had 
passed over, the main fraction, under reduced pressure, was obtained 
between 130° and 140°, the amount being 14°7 grams. This was 
dried with calcium chloride and then redistilled in a vacuum, 
102 grams of the purified ethereal salt passing over between 127° 
and 130°. 
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The sp. gr. of this purified secondary butyl glycerate at 15°/15° 
was found to be 1°1052. 

The rotation was determined in the short (99°2 mm.) tube of the 
polarimeter ; a deviation of — 116° was observed at 19° and of —11:5° 
at 13°5°, from which follows the specific rotation 


—11°6 .KQo ° 
[a]p= 0-992 x 11052 = —10°58 (at 19 ); 


Meee ee 
[lo= S993 x Piosa ~ — 1°49" (at 135°), 


showing, again, that slight differences of temperature have practically 
no effect on the rotation. 

It was again redistilled, and the observed rotation at 15° found to 
be exactly the same, namely, 11°5°. The boiling point was 123—126° 


under J3°5 mm. pressure. 
Two combustions yielded the following results :— 


Found : C = 51°41 and 51°32; H = 8°70 and 8°71 per cent. 
C,H,,O, requires C = 51°85; H = 8°64 per cent. 


The figures show that the compound was nearly, although not 
quite, pure. 


Attempted Preparation of Tertiary Butyl Glycerate. 


In preparing the ethereal salts above described, we experienced 
but little difficulty in the case of the methyl, ethyl, and normal 
propyl glycerates, these compounds being readily obtained by the 
method of digesting the acid with the respective alcohols in sealed 
tubes. Primary normal butyl glycerate was also similarly ob- 
tained, but the yield was conspicuously less.* This method, how- 
ever, proved a complete failure in the case of the isopropyl salt, which 
was only successfully obtained by means of the hydrochloric acid 
method; however, even in this case there was formed, in addition, a 
very considerable quantity of a white solid, insoluble in alcohol and 
ether, and only very slightly soluble in boiling water. Of this sub- 
stance we shall give a more detailed description in a subsequent 
communication, but we may mention here that we have shown it to 
be an anhydride of glyceric acid. This same white substance was 
also formed in the preparation of secondary butyl glycerate as de- 


scribed above. 
After the above difficulties in combining the glyceric acid with 


* This smaller yield was, however, probably due to the costly normal butyl 
aleohol being too economically employed. 
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a secondary carbon atom had been encountered, it was only to be 
anticipated that its combination with a tertiary carbon atom would 
be attended with even more formidable obstacles ; indeed it was from 
the first more than doubtful whether an ethereal salt of tertiary 
butyl alcohol would be obtainable. For this reason we did not even 
attempt the preparation of the tertiary butyl glycerate by means of 
the sealed tube method, but proceeded at once to the hydrochloric 
acid method. In spite, however, of treating the glyceric acid no less 
than three times with fresh quantities of tertiary butyl alcohol and 
hydrogen chloride, we could obtain no evidence whatever of the form- 
ation of any ethereal salt, whilst, on the other hand, there was a very 
abundant production of the white solid glyceric anhydride which we 
had previously noticed when preparing the secondary butyl and 
isopropy] salts. 


Remarks on the Etherification of Glyceric acid. 


Although we have not made any quantitative determinations 
either of the rate or limit of etherification for glyceric acid, yet in 
the numerous preparations recorded above, we have obtained 
abundant evidence of the relative facility with which the several 
ethereal salts are formed. 

Thus the methyl, ethyl, and normal propyl salts were all readily 


obtainable by the sealed tube method; the normal butyl compound 
was also similarly obtained. In the case of the isobutyl] salt, we only 
made use of the hydrochloric acid method ; but from the facility with 
which it was obtained we have little doubt that it could be prepared 
by the sealed tube method also. 

The secondary alcohols—propyl and butyl—on the other hand, 
etherified the glyceric acid with far greater difficulty. The sealed 
tube method in the case of isopropyl alcohol led to decompositions 
attended with discoloration of the liquid and the formation of a 
large quantity of gaseous product. The preparation of the salt from 
secondary butyl alcohol by this method was, therefore, not attempted. 

In producing etherification by means of hydrogen chloride, no 
difficulty was experienced in the case of primary alcobols (ethyl, 
normal butyl, and isubutyl), but in the case of the secondary alcohols 
(isopropyl and secondary butyl) a large quantity of glyceric an- 
hydride was formed in addition to the ethereal salt, and in the case 
of the tertiary butyl alcohol, this glyceric anhydride was apparently 
the only product, no ethereal salt being discoverable. 

Thus the etherification of glyceric acid, by primary, secondary, 
and tertiary alcohols, proceeds, as far as we have been able to de- 
termine, in accordance with the well-known principles laid down by 
Menschutkin (Abstr., 1879, 36 and 215). 
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The Influence of Heat on the Opticul Activity of the Ethereal Salts of 
Glyceric acid. 


The method of preparation which we adopted for the methyl, ethyl 
and normal propyl glycerates, namely, heating the glyceric acid with 
the alcohol at a temperature of upwards of 150° in a sealed tube, ap. 
peared to us to be open to criticism, inasmuch as it was quite con- 
ceivable that at the temperature employed some of the active glyceric 
acid might undergo transformation into the inactive variety, in the 
same sort of way that dextrotartaric acid is convertible into inactive 
tartaric and racemic acids by heat. That the whole of the glyceric 
acid had not thus been reconverted' in the process of heating was 
sufficiently evident from the fact that the ethereal salts prepared by the 
above method were all powerfully active substances, but still the 
possibility of a partial conversion was by no means excluded, and 
such a partial conversion would of course deprive the figures given 
above of any absolute value. In order to put this matter to the 
test, we determined to prepare the active ethyl glycerate by the 
hydrochloric acid method, which does not involve the use of heat, 
and then compare the optical activity of the product with that of the 
same ethereal salt prepared by the sealed tube method already 
described. 

The preparation of the active ethyl giycerate by the action of 
hydrogen chloride was carried out on precisely the same lines as 
already described for the isopropyl and butyl compounds. After 
drying with calcium chloride and final rectification, the product was 
examined in the short (99°2 mm.) tube of the polarimeter and a 
deviation of —10°85° obtained, giving the specific rotation 


—10°85 —9°18°, 


[*]>= 5999 x T1991 ~ 


which is precisely the same figure as was previously obtained with 
the ethyl glycerate prepared by the sealed tube method. 
A combustion was also made of this product with the following 
result :— 
Found : C = 44°43 per cent.; H = 7°50 per cent. 
Calculated : C = 44°78; H = 7°46 per cent. 


The identity of the rotations of the products obtained by these two 
methods effectually banishes any suspicion which might possibly 
exist as to the activity of the product being affected by the high 
temperature employed in the sealed tube method of preparation. 

This stability of active substances at high temperatures has also 
quite recently been observed by Freundler (Compt. rend., 15, 


sSweeereegqoéawsaagegeos «. 
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509—512) in the case of the ethereal salts of diacetyltartaric, di- 
propionyltartaric, and dibutyryltartaric avids. 


Stability of the Ethereal Salts of Glyceric acid. 


The experience gained in the preparation of the ethereal salts 
showed us that these compounds are particularly liable to decomposi- 
tion. It was, indeed, already pointed out by Henry (Ber., 4, 7u6) 
that they undergo decomposition in the presence of water, but we have 
found that even in the dry state and preserved in sealed tubes they 
slowly undergo alteration. Thus, on determining the rotation of some 
specimens after the lapse of four months, we found that the specitic 
rotation had distinctly increased; on re-distillation, however, the 
original rotation was obtained, thus clearly indicating that the 
change in rotation was due to decomposition. Moreover, since the 
change in rotation proved in each case to be an increase, the most 
reasonable explanation is that the ethereal salt had undergone slight 
resolution into its alcohol and glyceric anhydride, and that the latter 
remaining in solution in the unaltered substance had, of course, 
increased its left-handed rotation, inasmuch as it has already been 
shown by one of us that the anhydride is powerfully levorotatory. 
On redistillation under reduced pressure, the small amount of alcohol 
liberated would pass over at a much lower temperature than the 
ethereal salt, whilst the anhydride would not distil at all, so that the 
distillate would be the pure ethereal] salt, exhibiting the original 
rotation. This explanation is further in harmony with the observa- 
tion that the density was also found to have increased slightly in the 
ethereal salt which had been kept for four months in a sealed tube. 
It is worthy of remark, however, that the isobutyl salt was found not 
to have had its rotation altered after it had been for four months in 
a sealed tube. 


Boiling Points of the Ethereal Salts of Glyceric acid. 


Owing to the comparatively small quantities of substance at our 
disposal, we could not afford to determine their boiling points under 
atwospheric pressure, as we found that they did not distil without 
undergoing some decomposition. On the other hand, the accurate 
determination of boiling points under greatly reduced pressures gives 
Very variable results, according to the precise conditions under which 
the distillation is carried on. In order to make our results for 
boiling point as comparative as possible, we have distilled all the 
ethereal salts in the same Wurtz flask, and have indicated also the 
temperature of the oil-bath during the distillation. The conditions 
were made as uniform as possible throughout. The temperatures 
recorded are given in the following table. 

YOu. LXII, . 20 


524 FRANKLAND AND MACGREGOR: ETHEREAL SALTS 


Boiling Points of Ethereal Salts of Glyceric acid. 


Boiling point 


Pressure during | Temperature of 
(uncorrected), 


Ester. distillation. oil-bath. 


119 --120° 
120° 
120—121 


14°0 mm. 
13°3 
14°0 
14°0 
13 °3 
14°0 
13°3 
13 ‘5 


Methyl peer. ~< 
(active) .. 

Ethyl (inactive). . 

Propyl (inactive) . 

Isopropyl (active). 

Normal butyl (active) .. 

Isobutyl (inactive) ..... . 

Secondary butyl (active) .. 


114—116 
131—139 
128—130 
123—126 


Summary of Experimental Observations. 
In the followirg table, we have recorded the densities of the several 
glycerates prepared, together with the observed, specific, and mole- 
Ethereal Salts of Glyceric acid. 


Inactive. 


Density, 15°/15°. Difference. 


eee 


rar yes decom ehat 


1°2814 
1 19004 


0 0905 
0 0456 


BUDGE se cc cccescve ie sececeee 
Tsobuty]l ......eeeeceeeeeceee 


1°1453 
1°1024 


Active. 


Density, 
15°/15°. 


| Observed 

Differ- rotation in 

ence. | 1984 mm. 
tube, a. 


Specific 
rotation 


[a]p. 


|Molecular 
| rotation, 


|M.[a]p 


1v0 


Deduced 
specific 
rotation of 
glyceric 
acid 
(C3H,0,), 
[a |p. 


Methyl ..... 
Ethyl. ...... | 


Propyl (nor- 
mal) 
Isopropyl... 


Butyl (nor- 
mal) 

Tsobutyl . 

Butyl 
(secondary) 
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cular rotations of the active compounds, and we have also added the 
specific rotation of glyceric acid, C;H,O,, as deduced from that of 
each of the active ethereal salts. 

The above table shows :— 

I. That, as far as the densities of the two series of glycerates have 
been determined, they are identical for both active and inactive 
varieties. 

II. In the glycerates of the primary series of alcohol radicles, 
methyl glycerate has the highest, and normal butyl glycerate the 
lowest, density, the isobutyl compound having a lower density than 
the normal butyl. Of the secondary series of alcohol radicles, isopropyl 
glycerate has a greater density than secondary butyl glycerate, the 
density of the isopropyl being lower than that of the propyl, and 
the density of the secondary butyl lower than that of the normal, but 
practically identical with that of the isobutyl compound. 

The relationship between these densities is most readily perceived 
by means of the following diagram, in which the ordinates represent 
density, and the abscisse increase in molecular weight. From this 
diagram, it will be seen that the rate of decrease in density dimin- 
ishes with increasing molecular weight, the greatest fall being 


Densities (15°/15°) of Ethereal Salts of Active Glyceric acid, 
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between the methyl and ethyl glycerate. Particularly interesting js 
the almost complete parallelism of the curve for the secondary 
glycerates, as far as these have been determined. 

III. Inasmuch as all the densities have been determined at the 
same temperature, d 15°/15°, we may make use of them for the caleu- 
lation of molecular volume, more especially as the determination of 
their densities at the boiling points is quite out of the question in the 
ease of partially decomposible substances like these. The follow.ng 
molecular volumes are calculated by means of the usual formula — 

Molecular volume = — — . 

Deusity 
Molecular Volumes of Ethereal Salts of Active Glyceric acid. 
Tso- and Differences, 

Giycerate. Normal. secondary. for CH. 
Ethyl . , — 

Propyl.. i 169 


Normal butyl.... 145°2 — j my 
Isopropyl ....... — 130-9 \ - is 
od 


Isobutyl ....... _ = 146°6 
Secondary butyl. — 146°6 

The beautiful regularity in the increase of molecular volume in 
this series is most strikingly brought out by means of the following 
diagram, in which the ordinates represent the molecular volumes, 


15:7 


Molecular Volumes of Ethereal Salts of Glyceric and Tartaric acids. 


| 1 | | T ” 
| | | 
T 


| 
f | Ss 
| 


4 
| 


Tartrates. 


Pee 


Glycerates. 


——-}—-++ + + HH HH 
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and the abscissee the molecular weights, of the ethereal salts. It will 
be szen that the values for the normal series lie on an almost straight 
line, whilst the line joining the isopropy! and isobutyl compounds is 
above, and approximately parallel to, the former. 

The above molecular volumes are further of interest in connection 
with the principle discovered by Schiff, that in the case of isomeric 
compounds the substance with the higher boiling point has also the 
greater molecular volume. To this rule there are the well-known 
exceptions of butyric and isobutyric acids with their ethereal salts 
and the corresponding alcohols, as well as also propyl and isopropyl 
aleohols, in all of which the isomer of lower boiling point has the 
Thus— 
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greater molecular volume. 


Boiling point. 


Molecular volume. 


C,H,0 { 
0,H,0 { 
C,H,0; 

C.H,,0, { 


isopropyl alcohol... 


isobutyl alcohol 


butyl propionate 


propyl alcohol ....... 
butyl aleohol ........ 


butyric acid ......... 
isobutyric acid ...... 


isobutyl propionate. . 


97 °1°, 97 “4° 
81 -3°, 82 -9° 
116 °8°, 117° 
106 -7° 
156°, 162°, 162 -3° 
153°, 154° 
145°4° 
. 137°, 136 -8° 


81°34, 81°28, 81-1 
81-69, 82°5 

101 °58, 101-9 

101 °63 
106°6, 107°7, 107°85, 108°2 

108 -57, 108 °9 
173 °2 

173 °5, 174-2 


We find the same relationship to subsist in the case of the isomeric, 
propyl, and butyl glycerates, thus— 


l 
Approximate Boiling point of | Molecular 


boiling point of 
ethereal salt. 


corresponding ‘volume 
alcohol, at 15°. 


propyl glycerate ... 
isopropyl glycerate . 
butyl glycerate .. 
secondary butyl 
glycerate 
isobutyl glycerate .. 


126 —127° (14 mm.) 
114—116° (13 ,, ) 
131—139° (14 mm.) 
123—126°(13°5 ,, ) 


» ) 


128—130° (13 


99° (738°8 mm). 


129 °3 
130 °9 
145 2 
146 °6 


97°4° 
82 “85° 
116 -9° 


108 4° 146 6 


The molecular volumes of the secondary butyl and isobutyl glyc- 
erate are thus identical, but the difference between their boiling 


points is also very small. 


We have similarly compared the molecular volumes of the series of 
ethereal tartrates prepared by Pictet (Jahresbericht, 1882, 855), in 
which the densities were determined at 100°. 
values for the molecular volumes calculated from his figures. 


The following are tue 
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Ethereal salt. 


Density at 100°. 


Molecular 
volume. 


Differences 
for 2(CH,). 


1 *2500 
1°1279 
1 0590 
1°0537 
1°0145 


142-4) 
182 ‘6 
220 9} 
222-1 
258 °2 


Dimethyl] tartrate... ....+0.. 
Diethy] pa eeeenescces 
Dipropyl (normal) tartrate ... 
»  (iso-) tartrate ...... 
Diisobutyl tartrate ........ 


40 °2 
38 °3 
36 °1 


The relationship between these molecular volumes is exhibited in 
the diagram, from which it will be seen that the values for the 
methyl, ethyl, and normal propyl tartrates lie on a straight line, 
whilst those for the isopropyl and isobutyl compounds are on a 
straight line, slightly above and approximately parallel with the 
first. 

IV. The specific rotations of the active ethereal glycerates follow 
in the inverse order to the densities, or rather increase with the 
molecular weights of the compounds. Moreover, in the case of the 
isomeric ethereal salts, the isopropyl has a lower rotation than the 
propyl glycerate; similarly, the secondary butyl has a lower rotation 
than the normal butyl glycerate, whilst the rotation of the isobutyl 
salt is greater than that of the normal compound. 

The relative activity of these several ethereal salts is rendered 
more intelligibie by a comparison of their molecular rotations, the 
figures for which are in the same sequence as those representing the 
specific rotations, but on plotting out the molecular rotation values on 
a system of co-ordinates, it will be seen that a very remarkable 
relationship between them at once becomes apparent. 

Thus the diagram, p. 529, shows that the values for the molecular 
rotations of methy], ethyl, and propyl glycerate lie almost on a straight 
line, whilst the methyl, ethyl, isopropyl, and isobutyl compounds are 
also nearly on a straight line which is partially coincident with the first. 
On the other hand, the normal butyl and secondary butyl glycerates 
lie altogether off and below these lines. A further very remarkable 
feature about this diagram is, that if the straight line joining the 
values for the methyl and ethyl compounds (and which is presumably 
the most accurate part of the curve) be produced downwards, it will 
intersect the abscissa representing the molecular weight of glyceric 
acid itself, a little below O°, or, in other words, it indicates a change 
in sign for the rotation. Now, it was shown in the original paper on 
active glyceric acid by one of us, that the rotation of the free acid in 
aqueous solation is small in degree, but positive in sign, so that this 
geonietrical deduction closely corresponds with previous observation. 
The precise experimental determination of the specific rotation of the 
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free acid, it will be remembered, is attended with great, if not 
insurmountable, difficulties, in consequence of the tendency to an- 
hydride, formation, so that it is not possible to make an accurate 
comparison between experiment and calculation in this point. 


Molecular Rotations of Ethereal Salts of Glyceric and Tartaric acids. 


U 


'€ 


Tartrates. 


CHy CoH; CH; C,H, 


V. As this is the most complete series of ethereal salts yet prepared 
from any pure active acid, including even such as possess an ancient 
history like tartaric acid, it is not possible to compare all the relation- 
ships which we have discovered with those presented by other active 
ethereal salts. We would, however, draw attention to some points in 
this connection. 

The series of active ethereal salts which most nearly approaches 
ours in point of completeness is Pictet’s (Jahresbericht, 1882, 855) 
series of dialkyl tartrates, the properties of which are summarised in 
the following table. 
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Boiling . At 100°. 


Ethereal salt, point, 
ordinary 


pressure. ity. . Density. [a]p. 


Dimethyl tartrate..| 280° “3: ° 1°2500 | + 5-996 
Diethyl sadly, oa ; . 1'1279 | +13-291 
Jhipropyl wl was 303 ‘ “443 1°0590 | +17°110 
Diisopropyl ,, ..| 275 10537 | +18°821 
Diisobutyl . .. _ 1°0145 | +19 874 


The principal point of difference between this series and our own 
is that the dipropyl tartrate has a smaller rotation than the diisopropyl 
compound, whilst propyl glycerate has a greater rotation than iso- 
propyl glycerate. Unfortunately, there are no further data available 
to ascertain which of these relationships is the more usual. It may 
perhaps, however, not be without interest to notice the relationship 
which subsists in the case of the magnetic rotations of some propyl 
and isopropyl compounds. Thus we may refer to the following series 
of determinations by Perkin (Trans., 1888, 45, 421) :— 


Densit ons : Molecular magnetic 
Substance. 15°/1 mf Boiling point. narra 


Methyl alcohol .........| 0°7973 65°8—66° *€40 
Ethyl =, cecccccee| 0°7960 78°5° ‘780 
Propyl te isetesedece) ORUe 98° “768 
Isopropyl ,, .........| O°7914 82°5— 83°5° 019 
Tsobutyl ,,  ...se...| 0°8069 107°6—103 °3 -936 


Methyl iodide .......... 2° 2852 42 *3° “009 
Ethyl - wen~ecesce 1°9433 72 °3—72 ‘5° ‘075 
DES «= scscececes| B eEED 102—103° ‘080 
Isopropyl ,, ..eeeeee+| 1 7163 89—89 *5° "182 
Isobutyl j, ...e.0-.06|  1°6138 120—121° 2-199 

| 


Thus, both in the case of the alcohols and in that of the iodides, 
the magnetic rotation is greater for the isopropyl than for the normal 
propyl compound. 

We have also plotted out (see diagram, p. 530) Pictet’s values for 
the molecular rotations of the ethereal tartrates, and find that the 
methyl, ethyl, normal propyl, and isobuty] tartrates lie on an approxi- 
mately straight line, whilst the value for isopropyl tartrate lies 
above this straight line. The interesting feature about this is that in 
both series the isobutyl compound lies on what may be called the 


“es newt SS _— = 6S 


_—_—— | << 
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main line, whilst, in our series of glycerates, both the normal butyl 
and the secondary butyl compound lies much below this line. 
Unfortunately, neither the normal nor the secondary butyl compounds 
have been examined, either for tartaric acid or any other active acid 
except glyceric. In this connection, however, we may again refer to 
Perkin’s determinations of the magnetic rotation for a comparative 
instance, which is furnished by the following series of fatty acids. 


Substance. inne P, Boiling point. 


Molecular magnetic 
rotation. 


Formic acid ......+- 1 ‘2273 101° 
Acetic ,, co seccce 1 -0570 118—118 ‘8° 
Propionic acid ........ 0 9983 

Butyric 45, eececcce 0 °9670 
Teobutyric ,, ...eeeee 0 °9549 153—153 *5° 


In this series we find, then, the analogous relationship that iso- 
butyric acid has a greater maguetic rotation than normal butyric 
acid. 


Molecular Magnetic Rotations. (Perkin.) 


Todides. 


Molecular magnetic rotation. 


CH, C,H; C,H; C,H, 


Since writing the above, a paper has appeared by Freundler 
(Compt. rend., 115, 509—512), in which the observed rotations (not 
the specific rotations, as stated in Abstr., 54, 74) of the following 
derivatives of tartaric acid are recorded (p. 532). 

In this series, therefore, unlike what happens in our series of 
glycerates, the normal buty! salt has a much greater rotation than the 
corresponding isobutyl] compound. 
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Dipropionyl- Dibutyryl- 


Diacetyltartaric. Pa 


Dimethyl] salt. . ee — 1429 (Pictet) 
Diethyl ,, ..... + 50 
Diprop py a (normal) . +135 
Dibutyl ,, er +178 


Diisobuty] salt. . . +113 


VI. Of particular interest is the review of these compounds and 
their rotations, in connection with the recently advanced theories of 
Philippe Guye and of Crum Brown, to which, also, reference was 
made by one of us (Percy Frankland and Appleyard, this vol., p. 317), 
in treating of the salts of active glyceric acid. Guye conceives of 
the dissymmetry of the molecule being occasioned by the inequality 
of the masses attached to the asymmetric carbon atom. If it be 
assumed that these masses are concentrated at the apices of the 
carbon tetrahedron, it is obvious that, in the case of these glycerates, 
as we increase the mass of the alkyl group, substituting the hydrogen 
atom of the glyceric acid, there is an increase in the dissymmetry of 
the molecule which should be attended by an increase in the optical 
activity, thus :— 


HO COOH HO COOCH; 
= 45 =17 = 59 
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Our experimental results, given on p. 524, show that such an 
increase in the rotatory power of the ethereal glycerates does actually 
take place in the series 


Glyceric Methyl 


Ethyl < Propyl < Isobutyl 
acid glycerate 


. glycerate ~ glycerate ~ glycerate. 


But, as already pointed out, the isomeric glycerates have by no 
means the same rotations, so that the simplest case of the masses 
being concentrated at the apices of the tetrahedron cannot be enter- 
tained. In the next instance, then, the centres of gravity of the 
isomeric substituting groups must be taken into consideration. Thus, 
in the case of the propyl and isopropyl radicles, our conventional 
modes of representation, 


CH,—CH,—CH,— and CHycn_, 
CH; 


would indicate that the centre of gravity of the propyl group is 
further from the apex of the tetrahedron than that of the isopropyl 
group, so that the dissymmetry of the propyl is greater than that of the 
isopropyl compound, and the latter should, therefore, have a smaller 
rotation than the former, a deduction which is in harmony with our 
experimental figures. 

Applying the same reasoning, however, to the butyl isomers, the 
normal butyl compound should obviously have a greater rotation than 
either the isobutyl or secondary butyl ethereal salt, but experiment 
shows that it has not, for, from our tabulated results on p. 524, it 
will be seen that the rotation of the isobuty] salt is by far the greatest, 
that of the normal and secondary compounds being about equal to 
each other, and slightly inferior, indeed, to the rotation of the iso- 
propyl salt. 

We have endeavoured to obtain assistance from the molecular 
volumes of these substances in fixing the relative positions of the 
centres of gravity of these isomeric substituting radicles, for there 
would obviously appear to be some ground for assuming that in two 
isomeric substances, like propyl and isopropyl glycerates, the one 
with the larger molecular volume would have the centre of gravity of 
the propyl radicle at a greater distance from the apex of the tetra- 
hedron than the one with the smaller molecular volume. On p. 526, 
however, we have already shown that the molecular volume of iso- 
propyl glycerate is slightly greater than that of the normal propyl 
compound. On the other hand, normal butyl glycerate has a 
smaller molecular volume than isobutyl glycerate, the molecular 
volumes of isobutyl and secondary butyl glycerates being practic- 
ally identical. The phenomenon of the unequal rotation of such 
isomeric substances does not, therefore, seem to admit of any 
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uniform and consistent explanation, by reference either to the con. 
ventional methods of representing such groups as propyl and iso. 
propyl, butyl and isobutyl, or to the molecular volumes of the 
compounds themselves. 

Inasmuch as no adequate explanation of the facts is to be obtained 
from the above considerations, we have been led to speculate on other 
possible causes which might bring about the optical relationships of 
these isomeric ethereal salts. 

Firstly, it would appear to be quite conceivable that the centre of 
gravity of the substituting alkyl group may be influenced by the 
affinities which it possesses for the other groups attached to the 
asymmetric carbon atom. Thus it may be suggested that the smaller 
rotation of the normal butyl glycerate may possibly be occasioned by 
the centre of gravity of the normal butyl group, being more ap. 
proximated than that of the isobutyl group to the apex of the 
tetrahedron of the asymmetrical carbon atom, through stronger 
affinities coming into play between the normal butyl group and one 
or more of the H, OH, or CH,-OH groups, simultaneously attached to 
the same carbon atom. As, however, this is the first occasion, as far 
as we are aware, on which the three butyl radicles (normal, iso-, and 
secondary) have been attached to an asymmetric carbon atom, any 
further speculation in this direction would be premature. We hope, 
however, before long, to bring further experimental evidence to bear 
on this point. 

In the second place, it would appear to be quite possible, as has, 
indeed, already been suggested by Guye, that the tetrahedron of the 
asymmetric carbon atom itself may become distorted through the 
groups attached to it, and that in this way the extent of the dis- 
symmetry of the molecule may be altered. 

Thirdly, both of these disturbing influences may be simultane- 
ously in operation, and thus still further complicate the phenomenon 
of dissymmetry. 

In view of these possibilities, it is only the more surprising with 
what great regularity the increase in rotatory power takes place in 
passing from methyl to ethyl, and from ethyl to propyl, glycerate, 
the values for which, as already pointed out, lie on an almost per- 
fectly straight line. 

VIL. Of the closely related lactic (sarcolactic) acid, only one 
ethereal salt, ethyl sarcolactate, has been prepared. The specific 
rotation of this is given by Klimenko (Beilstein, Handb. d. org. Chem., 
1886), as [@]p = —14'19°, a rotation which is, therefore, considerably 
in excess of that of ethyl glycerate ([a]p = —9°18°). This relation- 
ship is remarkable, inasmuch as it has been pointed out by one of us 
that the solutions of metallic salts of glyceric acid have a greater 
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rotation than those of the corresponding salts (the zine and calcium 
salts have alone been determined) of sarcolactic acid. Moreover, 
according to Guye’s theory, ethyl glycerate should have a greater 
rotation than ethyl lactate, for the “ proluct of dissymmetry” i 
much greater in the former than in the latter. 


HO CH; HO CH,-OH 
=17 =1 =17 = 31 


Ethyl lactate. Ethyl glycerate. 
[Mjp = -1674. COOC,H,. CO0C,H; [M]p = —12°30. 
=73 = 73 

The comparison between the rotations of these two substances is, 
indeed, of particular interest, the molecules being identical with the 
exception of the CH; and CH,°OH groups respectively, of which the 
former imparts such a much greater rotation thau the latter. Not 
only is the CH,*OH group the heavier of the two, but according to 
our conventional methods of representation, it should also produce a 
much greater dissymmetry by virtue of the arrangement of the atoms 

i 
—C—O—H. 

H 

We are, therefore, again unable, in this case, to trace any relation- 

ship between the rotation and the masses of the groups attached to 
the asymmetric carbon atoms, and are constrained to refer the differ- 
ent rotatory effects of the two groups, CH; and CH,OH, in question 
to the qualitative difference subsisting between them. 
_ Thus, in reviewing the relationship between the rotatory power 
and constitution of the glycerates we have prepared and examined, 
we find that the change in rotatory power in passing frem methyl 
through ethyl to propyl glycerate proceeds with almost the same 
regularity as the quantitative change, consisting of the cvnstant 
addition of CH, = 14 to the molecule. 

As soon, however, as this constant addition can be made in 
qualitatively different ways, as in the formation of the ethereal salts 
of propyl and butyl, differences in the rotatory power of the result- 
ing isoméric compounds also make their appearance, which do not 
admit of any satisfactory explanation by reference to the distribution 
of their masses. These differences in rotatory power attending the 
introduction of isomeric radicles appear to us at present as inscrut- 
able as the differences in rotatory power attending the introduction 
of the CH; and CH,-OH groups respectively, to which we have 
referred above. 
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The same phenomena attend the introduction of the same groups 
in the case of tartaric acid; a regular increase in rotatory power 
accompanies the constant addition of 2CH, for dimethyl, diethyl, 
and dipropyl (normal) tartrates, whilst apparent irregularity in 
molecular rotatory power is found in the case of isopropyl and iso. 
butyl compounds. 

We have compared the increments in molecular rotation in the case 
of the corresponding ethereal salts of glyceric and tartaric acids 
respectively thas :— 
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Molecular Rotation. 
Difference 
Glycerate. for CHg. 
Methyl ...... 5°76 6°54 
Ethyl ........ 12°80 
Propyl (norm.) 19°15 


Difference 
for CH,. 


5°98 


Tartrate. 
3 hn 96 +2 = 


Mean = 6°33 


Isopropyl ....-+ 


Isobutyl...... 23°05 


From the above it will be seen that there is the most striking coin- 
cidence between the increments in molecular rotation for each addi- 
tion of CH, in the case of the methyl, ethyl, and normal propy] salts 
of glyceric and tartaric acids. It is also seen that the molecular 
rotatory value of the CH, group is markedly less in the case of the 
iso-compounds of glyceric acid given above. In order to obtain the 
corresponding values for the tartaric iso-compounds, we must take 
the molecular rotations of the tartrates determined at 100°, inasmuch 
as the isobutyl salt is a solid at 20°, which is approximately the tem- 
perature at which the above determinations were made. Thus :— 


Molecular Rotation of Tartrates at 100°. 


Difference for CH. 
Dimethyl tartrate ........+++ 


Diethyl 


Dipropyl 
Diisopropyl 


»  (norm.)..... 


»” ee eter sere 


Diisobutyl ,, ee cecccee 


It would not, of course, be auticipated that the differences for the 
determinations made at 100° should bé identical with those obtained 
at 20° as the temperature of observation ; but it is worthy of remark 
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that there is the same relationship between the differences for the 
normal and for the. iso-compounds, the value of CH, in the latter 
being the smaller, as in the case of the glycerates. Moreover, that 
the differences in molecular rotation for the additions of CH, should 
be liable to considerable variation is only to be expected, as Perkin 
(Trans., 1887, 51, 362) has shown that the rotation of diethyl 
tartrate, at any rate, is very sensitive to temperature, thus :— 


Diethyl Tartrate. 


[a]p at 12° = 7°220 
at 14° = 7-481 
at 16° = 7°658 
at 18° = 7°807 
at 20° = 8-017. 


In conclusion, we wish to draw attention to the remarkable 
analogy between the relationships which we have pointed out above 
for the molecular rotations of the several ethereal salts of glyceric 
acid, and those which have already been described by one of us for 
the metallic salts of the same acid. This analogy is most conveniently 
traced by taking into consideration the specific rotation of glyceric 
acid as deduced from the rotations of its several metallic and ethereal 
salts, thus :— 


Specific Rotation of Glyceric acid, CsH,O,, as deduced from 
Metallic salts, Ethereal salts, 
Methyl glycerate.... — —5°43 
Hydrogen potassium glycerate —10°90 — 
Ethyl glycerate — —11°60 
Calcium glycerate..........- —15°73 
Strontium glycerate —16°72 i —16°28 
Barium m — 16°38 
Secondary butyl glycerate.... — 
Ispropyl glycerate......... . —_ 
Normal butyl glycerate — 
Normal propyl glycerate .... = 
Lithium glycerate .... — 21°83 
Sodium .- —19°48 : 
Potassium eines, eT rr 
Ammonium — 20°94 
Isobuty] sc ecces ents 
Magnesium — 22°16 
Zine ° —30°69 } — 25°36 
Cadmium covecccese —2d'22 


538 DIXON: AN ISOMERIC FORM 


The relationship between these figures is still more prominently 
‘brought out by means of the following diagram. 


Specific Rotation of Glyceric acid deduced from the Rotation of its Metallic Salts anj 
Ethereal Salts. 


Specific rotation. 


| 
CH, - CoH, CH; C,H, 
(eee — 


ss ¥ 
Ethereal salts of glyceric acid. 


XXX VIII.—An Isomeric Form of Benzylphenylbenzylthiourea. 


By Avueustus E. Dixon, M.D. 


In papers recently communicated to this Society (Trans, 1891, 59, 
562; 1892, 61, 536), the existence of tri-substituted thioureas in 
different isomeric forms was definitely established ; thus, for example, 
three distinct ethylphenylbenzyl compounds were obtained, namely, 
C.HsN:C(SH)-N(C,Hs)°C,H;, CeHsN°C(SH)-N(C,H;)-C,H;, and 
C;H,-N:C(SH)-N(C,Hs)-C.H;. But amongst compounds of this class, 
containing two different radicles, only one case of isomerism appears 
to have been recorded, namely, that. of .Gebhardt’s (Ber., 17, 3037) 
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“symmetrical dimethylphenylthiourea, CH,NH:SO-N-CH;°C,Hs,” 
prepared from methylthiocarbimide and methylaniline, which is 
jsomeric with a substance I obtained by the action of phenylthio- 
carbimide on dimethylamine. The former has the formula 
CH,'N:C(SH):N(CH;)-C,H;, and melts at 114°; the latter— 
C,H;"N-C(SH)-N(CHs).—melts at 135°. By the isolation of the 
compound described below, we are now acquainted with another pair 
of isomers. 


Phenyldibenzylthiourea. 


On mixing alcoholic solutions of phenylthiocarbimide and dibenzyl- 
amine in molecular proportion, heat was evolved, and crystals rapidly 
separated ; after two recrystallisations from alcohol, these were ob- 
tained as colourless, vitreous prisms melting at 145—146° (uncorr.). 

Analysis showed the product to be the expected thiourea, 


0°6800 gave 0°4885 BaSO,. S = 9°87 per cent. 
C.H;N:C(SH)-N(C,H;), requires S = 9°60 per cent. 


The substance is insoluble in water, rather sparingly soluble in 
ether, carbon bisulphide, and boiling alcohol, easily in chloroform and 
hot benzene, moderately in the cold. It dissolves also in concen- 
trated sulphuric acid (from which it is precipitated on dilution with 
water), but is insoluble in hydrochloric acid or caustic alkali. 

Ammoniacal silver nitrate, when added to the alcoholic solution, 
produces a white precipitate, which darkens gradually on boiling, 
with formation of a speculum of silver sulphide, but the substance 
is not desulphurised by continued boiling, either with alkaline lead 
solution, or with yellow oxide of mercury. 

A quantity of the thiourea was sealed up with a considerable excess 
of alcoholic ammonia, and heated for an hour at 100—110°; the pro- 
duct, a colourless liquid, gave no thiocyanic reaction with ferric 
chloride. It was boiled down to a small bulk, and mixed with water, 
when a white solid precipitated, mixed with drops of an oil, the 
latter dissolving on the addition of hydrochloric acid. The turbid 
mixture was filtered, and the residue twice recrystallised from boiling 
water; the white, shining prisms thus obtained melted at 153—154°, 
and evolved phenylthiocarbimide when boiled with hydrochloric acid, 
from which, and its other properties, the compound was easily identified 
as phenylthiourea. 

The acid filtrate was rendered alkaline by caustic potash and steam- 
distilled; the basic oil which came over was extracted with ether, 
converted by hydrochloric acid into the corresponding salt, and the 
aqueous solution of this precipitated by platinic chloride; on recrys-— 
tallisation, dibenzylammonium chloroplatinate was obtained in long, 
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thin, deep-yellow needles. Pt found = 24°02 per cent.; calculated, 


23°94 per cent. 
The decomposition with ammania accordingly occurs as follows :— 


_ C.HyN:C(SH):N(C,H;). + NH; = (C,H;).NH + CSN.H;C,H,. 


If the materials are heated for 4—5 hours at about 120°, the 
phenylthiourea is further attacked (though incompletely decomposed), 
with formation of aniline and ammonium thiocyanate. 


Between the substance described above and that obtained from 
benzylthiocarbimide and benzylaniline (Trans., 1891, 59, 567), the 
isomerism is well marked. The latter compound—benzylphenyl- 
benzylthiourea, C;H,;N:C(SH)-N(C,H;)°C,H,—dissolves freely in 
ether and alcohol, and melts at 103°; the former is rather sparingly 
soluble in these media, and melts at 146°. Regarding the melting 
points of isomeric tri-substituted thioureas, it may be noted that in the 
few cases as yet known to exist, the compound which melts highest is 
that in which the doubly-linked nitrogen atom is united with a phenyl 
group. PhN°:C(SH)-NEt-C,H, melts at 94°; EtN:C(SH)-NPh’C,H, 
and C,;H,N:C(SH)-NEtPh at 91°. PhN:C(SH)-NMe, melts at 135°, 
the isomeric MeN:C(SH)-NMePh at 114°; and, as shown above, a 
similar relation holds for the phenyldibenzyl and benzylphenylbenzyl 
pair. 


Chemical Laboratory, 
Queen’s College, Cork. 


XXXIX.—Note on the Interactions of Alkali Haloids with Lead and 
Bismuth Haloids, 


By Exeanor Fie.p, Bathurst Student, and Assistant Demonstrator in 
Chemistry, of Newnham College, Cambridge. 


, (No. 27 of Contributions from the Laboratory of Gonville and Caius College, 
Oambridge.) 


In this Journal (Trans., 1883, 43, 289), R. W. Atkinson gave an 
account of an attempt to determine the constitution of the salt 
produced by the reaction of antimony trichloride with potassium 
chloride. 

In order to ascertain whether there is a rearrangement of the 
atoms, or simple combination of the two haloids only, it is necessary 
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to be able to distinguish the halogen in combination with the anti- 
mony from that in combination with the potassium; and for this 
reason a bromide of one metal was used and a chloride of the other. 
Antimony and potassium haloids were mixed in the proportion of 
one molecular weight of antimony trichloride to three molecular 
weights of potassium bromide in the one case, and in the proportion 
of one molecular weight of antimony tribromide to three molecular 
weights of potassium chloride in the other. Assuming that the two 
haloids combine without rearrangement of the atoms, two distinct 
“ molecular compounds ” should be produced, namely, (1) SbC1;,3KBr 
and (2) SbBr;,3KCl. But Atkinson obtained the same compound in 
both cases, to which he gave the formula Sb,K,C1,Br,,3H,0. 

Starting with the haloid salt of an alkali metal and the haloid 
salt of a less positive metal, the two halogens being different, it 
seems possible that the rearrangement of the atoms on the one 
hand, or simple combination between the two haloids on the other 
hand, may be dependent, in part, on the affinities of the halogen atoms 
for the metals, and perhaps, also, on the nature of the metals, 

Prompted by the above considerations, experiments were made 
with the haloids of lead and potassium, and during the course of the 
investigation certain interesting facts were noted, though much light 
was not thrown on the constitution of double salts. 

It was found that on dissolving a mixture of potassium or am- 
monium iodide and lead iodide, chloride, bromide, or fluoride in 
water, in certain definite proportions, the same double salt, a double 
iodide, was always obtained. After boiling together the alkali iodide 
and lead salt in the proportion of 30 grams alkali iodide to 1 gram 
lead haloid to 75 c.c. water, long, pale-yellow, needle-like crystals 
were obtained on cooling the solution; these crystals, on analysis, 
proved te be double iodides of lead and potassium; in every case the 
whole of the bromine, chlorine, or fluorine was thrown out. In the 
ease of potassium iodide and a lead salt, a deposit was formed on 
boiling the solution, and this had to be filtered off before allowing the 
crystals to grow; this was not the case when ammonium iodide was 
used. If the above proportion is not strictly adhered to, instead of 
yellow needles being deposited from the clear cold solution, lead 
lodide separates out while the solution is still hot. On cooling, 
however, the greater part of the lead iodide recombines with the 
alkali salt in solution, and, after standing for some hours (1—12), 
the yellow crystals gradually appear, mixed, however, with a certain 
amount of free lead iodide, so that the crystals thus prepared are not 
pure enough to analyse. On heating up such a system again, the 
crystals are gradually decomposed, and then dissolve, and, on 
<ooling, the whole cycle is repeated as above (lead iodide separates 
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out while the solution is still hot, and then, when cold, recombineg 
with the alkali in solution to form the double salt). 

There seems to be a certain temperature above and below which 
the double salt is decomposed into its constituents.* If, however, 
water or salt is added in quantities sufficient to give the above pro. 
portion (30:1: 75), lead iodide is not precipitated from the hot 
solution ; not until the solution is cold is there any deposit, and then 
it. consists of crystals of the double iodide of lead and potassium. 
The filtrate from these crystals always contains lead, iodine, and 
potassium ; it seems impossible to hit the point at which all the lead 
can be made to crystallise out with the potassium; the yield in every 
case is small, not more than 4—5 grams of the double salt being 
obtained from 60 grams of posassium iodide, 2 grams of lead salt, and 
150 c.c. of water. 

The crystals are fairly stable; they are not altered by drying on a 
porous plate, or when exposed to air, but they turn a deep orange. 
yellow when heated on the water-bath at 100°. If the crystals are 
again exposed to the air after being dried at 100°, they gradually 
re-absorb moisture and return to their original colour. They are 
fairly soluble in water, though their solution is generally accompanied 
by decomposition, the compound breaking up into potassium iodide 
which goes into solution at once, and lead iodide which does not 
dissolve until after prolonged boiling. They are readily soluble in 
water slightly acidified with nitric acid; if much acid is used, they 
decompose with evolution of iodine. They are very soluble in 


potash. 


The following are the results of analyses of the crystals dried at 
100°, and free from water of crystallisation. 


PbCl,. PbBry. PbI,. | PbCly. 


| 
KI and KI and | Amland | AmlI and 


. | per cent. percent. | percent. | per cent. 
Iodine eeeeee , 61 3 6 5 | + "05 63°2,+ 63°19¢ 
Lead ...+++- 29° 28°3,¢ 29°0t 5 | 29°9 | 30°6,+ 29°5¢ 
Potassium .. =~ _ — 


Ammonium . —_ 2°84 3°4 


3PbI.,4KI requires I = 62°04; Pb = 30°33; K = 7°63 per cent. 

3PbI,,4NH,I requires I = 64°7; Pb = 31°63 ; NH, = 3°67 per cent. 

* In the Zeit. physikal. Chem., 9, 57, Schreinemakers has published an account 
of experiments on the equilibrium of double salts in solution, working with satu- 


rated solutions. 
+ These specimens were prepared at different times. 


WITH LEAD AND BISMUTH HALOIDS. 543 


In Watts’ Dictionary, the double iodides of lead and potassium 
mentioned are PbI,,KI and PbI,,4KI (Bouillay, Ann. Chim. Phys. 
[2], 34, 366), also PbI,,2KI. The last, according to A. Ditte 
(Ann. Chim. Phys. [5], 24, 266), is combined with 4 mols. H,O ; and 
‘Schreinemakers (Zeit. physikal. Chem., 9, 57) gives it the formula 
PbI,,2KI + 23H,O. Remsen says the salt formed with most ease is 
PbI,,KI + H.O (Amer. Chem. J., 11, No. 5), and, according to him, no 
double haloids are formed which contain more molecules of the alkali 
salt than there are atoms of the halogen combined with the other 
metal. There are probably several double iodides of lead and potas- 
sium; but if the double salt is formed from a mixture of the consti- 
tuents in the above-mentioned proportion, I have never obtained 
numbers differing materially from those given. Also these were the 
proportions which gave crystals of the double salt most easily. 

A different double salt is obtained by heating lead iodide and 
potassium or ammonium chloride or bromide dissolved in water in 
the proportion of 1 gram of lead iodide to 6 grams of the alkali 
haloid and 50 c.c. of water. On boiling this mixture, a yellowish- 
white powder is thrown down, principally chloride and oxychloride of 
lead containing a trace of iodide. When this is filtered off and the 
clear solution is left to cool, small, green crystals are deposited. The 
filtrate from these crystals contains lead and potassium chlorides, but 
no iodine. If the above proportion is not observed exactly, either 
there is no deposit at all or a preeipitate of lead chloride or of lead 
iodide is thrown down. 

Experiments were made with the following quantities. 


a Potassium or 
ammonium 
chloride. 


Deposit of lead chloride 

Green crystals mixed with lead 
iodide. 

Green crystals slowly deposited, but 
only very few. 

~ A deposit of lead iodide. On stand- 
ing, some of the lead iodide com- 
bined with the alkali in solution 
in the cold, and a few green crys- 
tals were formed. 

BN SS EE, Ep EY 

Clear distinct crystals, free from 
any admixture of chloride or 
iodide. 


As may be seen, it is difficult to hit off the exact proportions so as 
to avoid a deposit of lead chloride on the one hand or of lead iodide 
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on the other. The yield is always small, smaller even than that of 
the double iodide obtained in the first set of experiments. In this 
case, the crystals are a double salt of lead chloride and iodide, the 
potassium or ammonium being thrown out. [In the case of lead 
iodide and potassium bromide, scarcely any crystals could be obtained; 
they seem to be so soluble in the mother liquor; in the same way an 
attempt to form crystals of lead iodofiuoride proved unsuccessful. } 

These crystals lose their water of crystallisation more easily than 
do the double iodide crystals mentioned above; they turn a deep 
brown when dried on a porous plate, just as they do when heated at 
100°. If they are exposed to the air again after having been dried, 
they recover their original green colour, re-absorbing their water of 
crystallisation. If water is directly added to them, they decompose 
immediately. 


The following are the results of analyses of the crystals formed 
from a mixture of lead iodide and potassium or ammonium chloride, 
and dried at 100°. 


Observed. Calculated. 


PbI,andKCl. PbI,andAmCl. ‘PbICl — PbICI,}Aq. 
Lead.... 548 54:09 560 47 pe. 
Iodine... 33°7,* 33°76* 33°1 34°4 336 ,, 
Chlorine . 98 9°3,* 10-°09* 9°6 94 ,, 


The numbers correspond with the formula PbICIl. 

Using the same constituents but starting with quite different pro- 
portions, we get a third set of crystals which differs entirely from the 
former two sets. If lead chloride or bromide and potassium or am- 
monium iodide are dissolved in water in the proportion of 1 gram of 
potassium or ammonium iodide to 5 grams of lead chloride or bromide 
in 250 c.c. of water, and the solution is boiled and filtered, a com- 
paratively large yield of small, pale green crystals is readily obtained. 
These crystals are much more stable than either of the other two 
sets already mentioned. They dissolve in water without decom- 
position, and do not change colour on being heated on the water- 
bath at 100°; they have, apparently, no water of crystallisation. 
They are difficult to obtain pure; it is almost impossible to prevent 
a trace of lead chloride or iodide being carried down with them. 
Judging from the numbers obtained on analysis, there are two or 
three double salts formed, and not only one as in the former cases. 


The following are the results of analyses of the crystals formed 


* These specimens were prepared at different times. 
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from a solution of lead chloride or bromide and potassium or 
ammonium iodide, after being dried at 100°. 
Observed. 
PbCl, and KI; PbCl,and AmI. PbCl, and KI; PbBr,and KI. 
Iead.... | 64-04 6401 °° 662 52°5 p.c. 
Todine. .. 18°16 19°0,* 19°3* 12°8,*12°75* 22°0 ,, 
Chlorine. 16°0,* 15°3* 16°6 19°45,#194* — ,, 
Bromine. —_ — — 264 ,, 
Calculated. 
PbI.,3PbCl.. PbI,,5PbOl.. PbI2,2PbBrs. 
Lead...... 63°95 67°1 51°9 per cent. 
Iodine..... 19°62 13°73 21:3 - 
Chlorine... 16:43 19°17 eal 
Bromine. ee ——— = 26°7 ” 


It is evident, then, that when the haloids are mixed together in the 
proportion of 30 grams KI(AmI):1 gram PbI,(Cl.,Br.,F,) : 75c.c. H,O, 
the whole of the lead haloid, if it is not iodide, is decomposed by the 
alkali haloid, which then combines with the new lead haloid to form 
a double iodide of the formula 3 PbI,,4KI (or AmI); that if they are 
mixed in the proportions of 6 grams KCl(Am(C1l) : 1 gram PbI, : 50 c.c. 
H,0, part only of the lead haloid is decomposed, and as there is not 
enough alkali haloid present to cause it to enter into combination, 
the double salt formed is composed of the new and original lead 
haloid alone, with no trace of alkali metal; the formula of the 
double salt being PbIC]. And, finally, that when they are mixed in 
the proportions of 1 gram KI(AmI):5 grams PbCl,(Br.) : 250 c.c. H,O 
part of the lead haloid is decomposed as in the second case, and the 
new lead haloid combines with the original lead haloid to form a 
double salt which contains no alkali, and the composition of this 
double salt is influenced by the relative masses of the new and 
original lead haloids present. . The salts are PbI,,8PbCl,; PbI,,2PbBr:, 
&e. Thus it appears that the composition of the double salt formed 
depends more on the relative masses of the substances present than 
on anything else. 

Experiments made with bismuth chloride and bromide, and potas- 
sium and ammonium chlorides and bromides led to results of some 
interest. 

Atkinson (Trans., 1883, 43, 292) dissolved bismuth bromide in a 
concentrated solution of potassium chloride; by evaporation over 
sulphuric acid he obtained the salt BiCl,Br.K;. 


* These specimens were prepared at different times. 
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I dissolved bismuth chloride in potassium bromide solution in the 
ratio BiCl,;: KBr, and bismuth bromide in potassium chloride solution 
in the ratio BiBr, : KCl, allowed the solutions to crystallise very slowly 
over sulphuric acid, drained the pale yellow crystals thoroughly, 
powdered them, dried the powder between folds of filter paper, and 
analysed. 


I. Starting with BiCl, and KBr. 
Calculated for 
Found. BiBrCl,Kg. 


Bismuth .... 39°0, 40°8, 41°3*, 38°3t 40°95 
Chlorine.... 27°05, 26°50 27°95 
Bromine.... 15°06 15°75 
Potassium... 14°70 15°35: 


II. Starting with BiBr, and KCl. 


--€alculated for 
Found. BiClBr,Ko. 


Bismuth .... 32°4, 31°9, 31°8, 31°3f 32°43 
Chlorine.... 7°67, 6°90 5°53 
Bromine .... 43°0, 43°7 49°88 
Potassium... 121 12°16 


The salts are not identical, and neither of them is the same as the salt 
obtained by Atkinson, although they belong to the same type or form as 
Atkinson’s salt, namely, BiK,X; or Bi,KyX,. where X = Br and Cl. 
Starting with all the bromine in combination with bismuth, the 
bismuth and bromine atoms being in the ratio Bi: Br;, and using an 
excess of potassium chloride, Atkinson obtained a product in which 
the atomic ratio of bismuth to bromine was 1: 2, and that of bismuth 
to chlorine 1:3. Starting (No. II salt) with the ratio Bi: Br = 
1:3 atoms, all the bromine being combined with bismuth, and using 
a limited quantity of potassium chloride, BiBr,: KCl = 1:1 mol. I 
obtained a salt in which the atomic ratio of bismuth to bromine was 
1:4, and that of bismuth to chlorine 1:1. 

These results show the influence of the relative masses of the inter- 
acting compounds, 

The salts which I obtained were composed of both the metals and 
both the halogens employed. A comparison of the compositions of 
these salts with those produced by the interactions of Jead and alkali 
haloids, which contained either one halogen only or one metal only, 
shows the influence of the nature of the metals on the compositions of 
the products of interaction, and also the influence of the relative 
masses of the interacting salts. é 


* After heating salt to 250°. + After heating salt to 300°. 
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Starting with all the bromine in combination with bismuth, and ail 
the chlorine in combination with potassium, the product contained 
4atoms of bromine to 1 atom of bismuth and 1 atom of chlorine to 
1 atom of bismuth. Starting with all the chlorine in combination 
with bismuth and all the bromine in combination with potassium, the 
product contained 4 atoms of chlorine to 1 atom of bismuth, and 1 atom 
of bromine to 1 atom of bismuth. These results indicate the influence 
of the relative affinities of the interacting atoms on the distribution 
of these atoms in the molecules of the products. 

When bismuth chloride was dissolved in ammonium bromide solu- 
tion in} the ratio BiCl,: NH,Br, the same salt was obtained as when 
bismuth bromide was dissolved in ammonium chloride solution, and 
the salt was similar to that which Atkinson got by the interaction of 
‘imtimony chloride with potassium bromide, and also of antimony 
bromide with potassium chloride. When ammonium haloid is used in 
place of potassium haloid in the reaction with bismuth haloid, the 
composition of the product is independent of the initial distribution 
of the metallic and halogen atoms. This result, especially when 
taken along with the results obtained with potassium haloids and 
bismuth haloids, and when compared with Atkinson’s results with 
antimony and potassium haloids, shows at once the influence of the 
nature of the alkali metal and the influence of the nature of the 
nitrogen-group metal on the final distribution of the interacting 
atoms. 


The results of analyses of the salts obtained by the interaction of 
bismuth and ammonium haloids were as follows. 


Found. Calculated for 


BiCl,: NH,Br. BiBry:NH,Cl. BiBr,Cl,(NH,). BiBrsCl,(NH,)s,H,0. 
Bismuth... 32°9 32°97 34°24 33°6 
o 32°99 a a — 
Bromine .. 38°85 38°4 39°4 38°8 
Chlorine... 22°1 20°92 17°49 17:2 
Ammonium 6°9 8:0 8°86 8°6 


I propose to continue the investigation of the interaction of bismuth 
and alkali haloids. 
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XL.—Siudies of the Terpenes and Allied Compounds. The Sulphonic 
Derivatives of Camphor. Part I. 


By F. Stantey Kriperrne, Ph.D., D.Sc., and W. J. Porg, Associate of 
the City and Guilds of London Institute. 


THE experiments recorded in this paper were undertaken with the 
object of obtaining camphorsulphonic acid, a substance which many 
chemists hitherto have vainly sought to prepare, and also with the 
object of ascertaining the nature of the changes involved in the 
formation of acetylorthoxylene by the interaction of camphor and 
sulphuric acid (compare Armstrong and Kipping, this vol., p. 75). 

The fact that camphor is almost entirely converted into “ camphren” 
on treatment with ordinary sulphuric acid, and cannot, therefore, 
under these conditions, yield anything but a very small quantity of a 
sulphonic derivative, even if sulphonation occurs at all, led us to 
study its behaviour towards anhydrosulphuric acid and chlorosulph- 
onic acid; in both cases sulphonation takes place readily, camphor- 
sulphonic acid and other compounds being formed. 

The camphorsulphonic chloride prepared from the acid obtained by 
either of these methods is a mixture of optical isomerides, but as the 
dextrorotatory modification is present in rather the larger proportion, 
we have been able to isolate and examine it. 

The optically inactive, or feebly active, mixture of sulphonic chlor- 
ides shows a very remarkable behaviour ; it is deposited from solution 
in well-defined crystals, which, though apparently homogeneous, are 
simply mixtures of the two active compounds in variable proportions, 
and are partially resolved into enantiomorphous forms on recrystal- 
lisation. 

Camphorsulphonic acid, its amide, and a variety of its salts have 
been prepared, and attention is drawn to the remarkable crystallo- 
graphic character of some of these compounds, more especially in the 
case of the active substances. 

Bromocamphor is readily converted into a sulphonic acid on treat- 
ment with anhydrosulphuric acid or with chlorosulphonic acid ; chloro- 
camphor has, hitherto, only been sulphonated with the latter. The 
sulphonic derivatives of both these substances are optically active, 
and are remarkable for the extraordinary facility with which they 
crystallise; the sulphonic chlorides, the amides, the acids, and 
number of salts are described, the optical and crystallographic cha- 
racters of many of the compounds being given. 

Marsh and Cousins (Trans., 1891, 59, 966) have described sulph- 
onic derivatives of bromocamphor and chlorocamphor, obtained by 
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means of chlorosulphonic acid, but as most of their preparations. 
were impure, their account of the properties of these substances is. 
very misleading; their work is frequently referred to later. 

Cazeneuve (Compt. rend., 110, 719), who has studied the action of 
sulphuric acid on chlorocamphor, has obtained results of considerable- 
interest, but as they have no immediate bearing on our own work, we 
will not discuss them in the present paper. 

Speaking generally, the sulphonic derivatives of camphor are com- 
pounds of exceptional beauty, and, judging from the results thus far 
obtained, their further study will probably lead to conclusions of 
considerable importance. 


Sulphonic Derivatives of Camphor. 


Sulphonation of camphor with anhydrosulphuric acid.—When dry 
powdered camphor is treated at ordinary temperatures with about 
twice its weight of anhydrosulphuric acid containing about 15 per 
cent. of anhydride, a very energetic action, accompanied by a consider- 
able rise in temperature, sets in, and the solution rapidly darkens, 
sulphur dioxide being evolved in large quantities; after about 
20 seconds, sulphonation is nearly complete—that is to say, very little 
camphor is precipitated on pouring the solution into water; if the 
action be allowed to proceed, it gradually becomes more and more 
vigorous, the mixture froths over, and practically the whole of the 
camphor is converted into carbonaceous matter. When acid contain- 
ing less than about 15 per cent. of anhydride is employed, the camphor 
at once passes into sclution, but is only partially converted into 
products soluble in water, even on keeping for some time; when, on 
the other hand, the anhydro-acid is too concentrated, the action is se 
violent that it cannot be kept under control. 

These observations led to the adoption of the following method of 
sulphonating camphor:—Dry, powdered camphor, in quantities of 
about 50 grams, is placed in a large beaker, and 15 per cent. 
anhydrosutphuric acid, about 100 grams, poured over it; after action 
has proceeded for about 20 seconds, the dark brown solution is poured 
on to powdered ice, and these operations are repeated with fresh 
quantities of camphor, until about 1000 grams have been treated. 
The yellow or brown aqueous solution—which has the characteristic 
smell of “camphren,” owing to the presence of small quantities of 
this oil—having been filtered to separate unchanged camphor, is boiled 
to expel sulphur dioxide, and neutralised with chalk or milk of lime ; 
in the latter case carbon dioxide is afterwards passed into the boiling 
liquid, until the excess of calcium hydroxide is precipitated. The 
sulphate and carbonate of calcium are then separated by filtration 
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through calico, and the filtrate boiled down to a small bulk, the 
calcium sulphate which crystallises out being removed from time to 
time. Water having been added, the calcium salt is converted into 
sodium salt by treating with sodium carbonate, and the filtered solu- 
tion evaporated to dryness. The resulting brown, viscid product 
is heated in an air-bath at about 120°; at first it melts to a thick 
paste and froths very much, owing to the escape of water vapour, but 
ultimately it is converted into a friable, light brown mass, which is 
quickly powdered in a warm mortar, and, being very hygroscopic, 
kept in a desiccator or in a stoppered bottle. 

The quantity of crude anhydrous sodium salt obtained in this way 
from 1 kilo. of camphor is usually rather more than 600 grams; we 
have not yet made any attempt to ascertain the proportion of pure 
sodium camphorsulphonate present in the product, but have employed 
it without purification for the preparation of camphorsulphonic 
chloride. 

Treatment of sodium salt with phosphorus pentachloride.—In prepar- 
ing camphorsulphonic chloride, a quantity of about 100 grams of the 
anhydrous sodium salt is placed in a mortar and triturated with a 
small quantity of phosphorus pentachloride, a little phosphorus oxy- 
chloride being added, if necessary, to start or hasten the action; a 
very slight evolution of hydrogen chloride occurs if the salt has been 
carefully dried, but the mixture becomes distinctly warm and soon 
turns pasty ; the addition of small quantities of pentachloride is then 
continued, until the total quantity employed amounts to about 
100 grams (1} mol. props.) ; after about half an hour, the semi-fluid 
mass is slowly poured on to, and stirred up with, powdered ice. The 
sulphonic chloride, which separates in the form of dirty-grey, sticky 
clots, is extracted by repeatedly shaking the mixture with ether, a 
process which is sometimes rendered very tedious by the formation 
of an emulsion, from which the ether separates with difficulty. The 
ethereal solution, after being washed several times with small quanti- 
ties of water until free from phosphorus oxychloride, is carefully 
dried with calcium chloride and the ether evaporated. The dark 
brown, oily residue is heated at 100° for some time to expel ether, 
and is afterwards placed in a desiccator over sulphuric acid and potash ; 
in the course of a few days, the crude sulphonic chloride partially 
solidifies, the crystalline cake which forms containing a considerable 
proportion of oily substances. The yield of crude product is very 
variable, but is usually 60—80 per cent. of the sodium salt employed; 
when the crude dried calcium salt of the sulphonic acid is treated 
with phosphorus pentachloride, the yield of sulphonic chloride is 
very small, apparently because the salt is only partially acted on. 
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Camphorsulphonic Chloride, CyH,s0-SO,Cl. 


When spread on biscuit. ware, the crude, dark brown, pasty sulph- 
onic chloride slowly changes into a hard, brown mass, from which 
crystalline substances can be obtained without difficulty with the aid 
of solvents. This treatment, however, occupies a long time, and in-. 
volves very considerable loss, the oil carrying with it a large propor- 
tion of the crystalline products, which thus escape investigation.. 
Under these circumstances we adopted the following method of puri- 
fication, which has the advantages of being very rapid and simple. 

The crude sulphonic chloride, obtained by evaporating the ethereal 
solution, is placed in a flask together with about 50 c.c, of light petr- 
vleum boiling at 35—40°: the flask is then connected to a reflux 
condenser, and warmed on the water-bath for about 15 minutes,. 
frequently shaking. The light petroleum, which does not mix with 
the oily sulphonic chloride, is then decanted or filtered into a beaker,,. 
and the oil in the flask again extracted in a similar manner. After 
‘epeating these operations two or three times, light petroleum of a 
higher boiling point (about 70—80°) is employed, the four or five 
extracts with this solvent being kept separate from those previously. 
obtained, and, to a certain extent, from one another, according to- 
their character. The extraction is then continued with petroleum 
boiling at 80—90°, and finally with some of the solvent boiling at. 
90—100°, until a black, tarry mass, insoluble, or only very sparingly 
soluble, in light petroleum, remains in the flask; this residue appears. 
still to retain one or more crystalline substances which can be ex- 
tracted with the aid of boiling benzene; the remaining tar contains 
small quantities of substances soluble in water, probably sulphonic 
acids, produced by the hydrolysis of the sulphonic chlorides by 
traces of water. 

The first petroleum extracts have a brown or yellow colour, but the 
last are almost colourless; the first three or four contain a large 
quantity of yellow oil, which, on coolimg, is quickly deposited, together. 
with a small quantity of pale yellow crystals; the next series of. 
extracts deposit yellowish crystals and a little oil; the later extracts. 
deposit crystals only, and it is convenient, in order to avoid the use 
of too large a quantity of solvent, to use the mother liquors from. 
these crystals in continuing the extraction. 

By proceeding in this manner, and collecting the various extracts. 
in the same or in different vessels, according to the character of the 
crystals which are deposited, it is possible, after a little experience, 
to effect a rough separation of the several constituents of the mixture 
in a very short time; the petroleum mother liquors from the crystals, 
and from the oil, yield further quantities of these products om 
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evaporation at ordinary temperature, and, as before, the character of 
the deposits is very different. 

It is unnecessary to enter here into the details of the treatment by 
which it is possible to isolate pure camphorsulphonic chloride from the 
crystalline deposits thus obtained, because until the other constituents 
of the mixture have been isolated and characterised, we shall not 
arrive at the simplest method; it may, however, be stated that the 
eamphorsulphonic chloride, being more sparingly soluble in light 
petroleum than the other crystalline products, is present in the largest 
proportion in the last extracts of the crude oil; when the crystalline 
deposits from these solutions are collected, again extracted with light 
petroleum, and the process repeated until the deposited crystals are 
colourless, an apparently homogeneous substance is obtained in 
lustrous crystals. 

Analyses of samples purified in this way, and then dried at 80°, 
gave the following results. 


0°1665 gave 0°2914 CO, and 0°0915 H,0. C = 47:73; H = 6:10. 

0°1534 ,, 0°0870 AgCl and 0'1401 BaSO,. Cl= 14:00; S = 12°54. 

C,oH,;0°SO,Cl requires C = 47°92; H = 5:99; Cl=1414; S= 
12°78 per cent. 


The combustion was made with lead chromate, a silver spiral being 
placed in the front of the tube; the chlorine and sulphur were esti- 
mated by Carius’ method, the sulphuric acid being precipitated with 
barium nitrate after separating the silver chloride. 

The further investigation of this substance is described later 


(p. 554). 
Sulphonation of Camphor with Chlorosulphonte acid. 


As the preparation of pure camphorsulphonic chloride from the 
sulphonic acid produced by the action of anhydrosulphuric acid on 
camphor was at first a matter of very considerable difficulty, owing 
to the complex nature of the crude product, the behaviour of camphor 
with chlorosulphonic acid was examined. 

Marsh and Cousins (Trans., 1891, 59, 967) have stated that cam- 
phor does not yield a sulphonic acid on treatment with chlorosulph- 
onic acid in chloroform solution; although our experiments have 
shown that camphor is readily acted on under these conditions, 
hydrogen chloride being evolved, we have not yet examined the 
nature of this action more fully, as it was found that camphor- 
sulphonic acid could be produced without difficulty by the action of 
chlorosulphonic acid on camphor in the absence of a solvent or 
diluent. 

The following is the method employed :—Dry powdered camphor, 
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in quantities of about 100 grams, is placed in a large flask, and 
treated with about 70 grams of chlorosulphonic acid; the camphor 
quickly passes into solution, the mixture becoming warm, but no 
violent action occurs, as in the case of anhydrosulphuric acid, only 
a slight evolution of hydrogen chloride being observed. The flask 
is now fitted with a cork, through which a calcium chloride tube 
passes, and gently heated on the water-bath; a rapid evolution of 
hydrogen chloride sets in, and the solution darkens a little. After 
heating for about 20 minutes, and frequently shaking, the mixture is 
cooled; a farther quantity of about 80 grams of chlorosulphonic acid 
is then added, and the solution again heated on the water-bath until 
the evolution of gas slackens very considerably, and a portion of the 
solution poured into water gives a comparatively very slight pre- 
cipitate of camphor, which is usually the case after about half an 
hour. In this process of sulphonation, very little carbonisation occurs, 
and sulphur dioxide, if formed at all, is produced only in very small 
quantities. 

The brownish syrupy solution is allowed to cool, carefully poured 
into water, the precipitated camphor (about 6 grams) separated by 
filtration, and the filtrate treated with barium carbonate and barium 
hydroxide successively until slightly alkaline; after passing carbon 
dioxide into the boiling mixture to precipitate the excess of barium 
hydroxide, an operation which is to be recommended, because the 
coloured impurities are in this way to a great extent got rid of, the 
solution is filtered, and the filtrate treated with sodium carbonate as 
long as a precipitate is produced. 

The almost colourless solution of the sodium salts is evaporated to 
dryness on the water-bath, the residue dried at about 120°, ground to 
a fine powder, and repeatedly extracted with 96 per cent. alcohol, in 
which the sodium camphorsulphonate readily dissolves, leaving a 
residue of sodium chloride ; finally the alcoholic extract is evaporated 
and the residue dried at 110—120°. 

The crude sodium camphorsulphonate, obtained in this way, is 
employed without further purification for the preparation of the 
sulphonic ‘chloride; the yield is usually about 115 grams from 100 
grams of camphor. 

The treatment with pentachloride having been carried out in the 
manner previously described, and the product isolated by extracting 
with ether, crude camphorsulphonic chloride is obtained as a yellow 
oil which partially solidifies to a crystalline mass in the course of a 
few days; under ordinary conditions the yield amounts to about 40 
per cent. of the sodium salt employed. 
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Camphorsulphonic Chloride, CyH,;0*SO,Cl. 


The crude product appears to be very much the same as that pre- 
pared from camphor with the aid of anhydrosulphuric acid; it is, 
however, usually lighter in colour, and apparently a larger proportion 
solidifies. We have not yet examined it very fully, but have suc- 
ceeded in isolating camphorsulphonic chloride from it by extracting 
the crude oil with boiling light petroleum exactly as described above 
(p. 551). The crystalline deposits from the light petroleum solutions 
consist of at least two substances, but, as before, the camphorsulph- 
onic chloride being the more sparingly soluble, is present in the 
largest proportion in the deposits from the last extracts; after re- 
peated recrystallisation from light petroleum, a colourless substance, 
which seems to be homogeneous, is obtained. 

Analyses of this product showed that it had the same composition 
as the sulphonic chloride previously prepared. 


01650 gave 0°2889 CO, and 0°0931 H,0; C = 47:75; H = 627. 

0°2265 ,, 01287 AgCland 0°2180 BaSQ,. Cl = 14°03; S = 13:21. 

CyoH,s,0°SO,Cl requires C = 47°92; H = 5°99; Cl= 1414; S= 
12°78 per cent. 


Isolation of Dextrorotatory Camphorsulphonic Chloride. 


The second method of preparation, described above, not having been 
attempted until some time after the commencement of our experiments, 
our investigations were at first limited to the study of the sulphonic 
chloride obtained from the product of the interaction of camphor and 
anhydrosulphuric acid. Various preparations from this source, all of 
which had been extracted from the crude product with boiling light 
petroleum, and then purified by repeated crystallisation from the 
same solvent, were examined, and appeared to be identical ; they all 
showed the same behaviour when heated, and, on examination under 
the microscope, seemed to be homogeneous; samples which were 
analysed gave results agreeing closely with those required by a com- 
pound of the composition C;)H,,0°-SO,Cl. 

One fact, however, seemed at first to indicate the presence of im- 
purity in the preparations, namely, their behaviour when heated; 
portions which had been repeatedly crystallised from boiling petroleum 
fused partially at about 107°, but did not completely liquefy until the 
temperature rose to about 108°5°, or even higher; after solidification 
they melted, on reheating, sharply at 105°5—106°5°. As well-defined 
crystals obtained with the aid. of other solvents showed a similar 
behaviour, melting at a higher temperature, and less sharply, when 
heated for the first time than they did afterwards, we concluded that 
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we were dealing with a case of dimorphism, and no longer doubted 
the purity of our preparations. 

Under these circumstances we proceeded to study some of the de- 
rivatives of the sulphonic chloride, and prepared the amide, the sulph- 
onic acid, and some of the salts of the latter; all these substances 
appeared to be homogeneous, and on analysis gave the results which 
were expected. 

In the meantime we commenced the investigation of the action of 
chlorosulphonic acid on camphor, and, having isolated the sulphonic 
chloride in the manner described, we compared it with that obtained 
by the first method ; it separated from boiling light petroleum in lustr- 
ous, colourless crystals, which appeared to be identical in ordinary 
properties with the sulphonic chloride previously studied, and showed 
the same behaviour as the latter when heated. It was also observed 
that when the ill-defined crystals obtained from hot light petroleum 
were dissolved in a mixture of ether and petroleum, well-defined, 
four-sided plates were deposited, showing a very peculiar behaviour 
when heated (see later, p. 562); as the sulphonic chlorides from the 
two sources both gave such plates, we took it as a satisfactory proof of 
their identity. 

It was not until we came to examine the rotatory power of the two 
preparations that this conclusion was, to some extent at any rate, 
proved to be erroneous. Some of the salts which had been prepared 
from the sulphonic chloride obtained by the first method had been 
foind to be optically inactive ; although, under these circumstances, 
it was @ priori improbable that the sulphonic chloride would be opti- 
cally active, examination showed it to be feebly dextrorotatory, the 
sample in question having a specific rotatory power [@]p = +3°73° in 
chloroform solution. 

On making an observation with a sample of the sulphonic chloride 
prepared by the second method, we found that here, also, there was 
feeble dextrorotation, but that the specific rotatory power was not the 
same as that of the other preparation, being, in fact, [a])» = +4°7° 
in chloroform solution. 

This, however, was not the only fact which optical examination 
brought out, inasmuch as different samples prepared by the same 
method had slightly different specific rotations, all being dextro- 
rotatory. 

The explanation of these facts seemed to be fairly obvious, namely, 
that the sulphonic chloride hitherto supposed to be homogeneous was 
amixture of an optically active with an optically inactive compound, 
and that the reason why the preparation obtained by the second 
method was the more highly dextrorotatory was that the formation of 
the sulphonic acid from which it was derived had taken place under 
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conditions generally more favourable to the production, or less favour. 
able to the destruction, of an optically active substance ; it appeared 
very probable, also, in view of the analytical results, that the two opti- 
cally different substances had the same composition, that is to say, 
were both camphorsulphonic chlorides. 

Under these circumstances we commenced a more careful and 
searching examination of the sulphonic chloride which had been 
obtained by the first method of sulphonating, and to which alone 
the following statements refer, with the object, if possible, of separ. 
ating the optically different compounds assumed to be present; for 
this purpose slightly different samples, which had been purified in 
various ways, were employed. On recrystallising these from cold 
ethyl! acetate, it was found that two kinds of crystals were deposited, 
namely, small, four-sided plates, evidently identical with the above- 
mentioned crystals obtained from ethereal petroleum solution, and 
very large, compact, prismatic masses, rather translucent than 
transparent; although so different in appearance, both kinds of 
crystals had practically the same melting point, and were, in fact, 
simply different forms of one and the same substance. When the 
flat plates were separated and recrystallised from ethyl acetate, in 
some cases only one, in others both kinds of crystals were again ob- 
tained ; the prismatic masses, treated in the same way, yielded either 
transparent plates or prisms, or a mixture of the two. It was clear, 
therefore, that the formation of one or other kind of crystals was 
simply due to a slight alteration in the conditions of the experiment, 
and that a separation of the optical isomerides was not to be effected 
in this way. 

We next tried fractional crystallisation from a mixture of chloro- 
form and light petroleum, and found that, after a great many 
operations, a given sample could be separated into fractions of 
slightly different specific rotation; the process, however, was ex- 
tremely tedious, and we again resorted to ethyl acetate. 

On systematically crystallising samples of the sulphonic chloride 
from ethyl acetate, the crystals first deposited began to show a 
behaviour different from that previously noticed ; their melting point 
gradually became less and less definite, although, after having been 
melted, they liquefied almost completely at 105°5—106°5° when heated 
for the second time; when a particular stage of the process had been 
arrived at, well-defined, transparent prisms were obtained, and these, 
though apparently homogeneous, began to melt at about 110°, and 
did not liquefy completely until the temperature rose to about 130° 
From these crystals, it was a matter of little difficulty, by simply 
continuing the process, to isolate a substance melting at 137°5°. 

This compound is dextrorotatory camphorsulphonic chloride, and 
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is described later (p. 564); it has a specific rotatory power: [a@]p.= 
+128°7°. 


Evidence of the Existence of Levorotatory Camphorsulphonic Chloride. 


These experiments having shown that the slight and variable optical 
activity of different samples of the sulphonic chloride: was due to the 
presence of variable quantities, usually 2 to 4 per cent.,.of the dextro- 
rotatory compound, attempts were made to isolate the optically 
inactive substance, of which it seemed the mixture was forthe most 
part composed. ; 

Although, starting with a sample of specific rotation greater than 
about [a]p = +3°, it was possible im the manner described above to 
obtain from it a small quantity of the pure active compound, we were 
unable, owing, perhaps, to the small quantities at our disposal, to 
ebtain inactive preparations simply by fractional crystallisation from 
ethyl acetate; samples which had been systematically treated showed 
a specific rotation corresponding with the presence of about 0°4 to 1 
per cent. of the active modification, and, apparently, this quantity 
underwent no change on continuing the process. 

When such samples were dissolved in ethyl acetate, and the solu- 
tions slowly evaporated at the ordinary temperature, the large prisms 
already mentioned were found to be mixed in some, but not in all, 
cases, with a few well-defined tetrahedra; the latter melted at about 
136°, that is to say, at practically the same temperature as the 
dextrorotatory compound, which, under the same conditions, was 
observed to crystallise in tetrahedra. 

It seemed probable, therefore, that if the process were repeated 
several times, we should be able to obtain the inactive substance in 
a pure condition by separating the different crystals. 

This, however, was not the case, as is shown by the following 
account of the behaviour of a typical sample :— 

A preparation (about 5°5 grams) which in chloroform solution 
showed a specific rotation [a]p = +2°57°* was dissolved in cold ethyl 
acetate, and the next day all the well-defined tetrahedra which had 
been deposited were picked out, the process being repeated daily ; 
after five or six operations, the specific rotation, observed as before in 
chloroform solution, had fallen to [a@]p = +1°74°. On continuing in 
the same way, the specific rotation fell to 1°04°, then to 0°42°, and at 
the end of abont two weeks we obtained a preparation (about 4 
grams) which showed no rotation. 


* The values of [a]p given in this section of the paper are, in some cases, only 
_ *pproximate, as the weight of the substance was frequently obtained by difference, 
and slight decomposition (hydrolysis) may have occurred during crystallisation. 
2Q2 
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The tetrahedra which had been separated from the sample of 
specific rotation [a@]p = +0°42° were all well-defined crystals, and 
weighed 0°51 gram ; a portion (0°471 gram) of these crystals showed 
in chloroform solution a specific rotation [2]p = +5°08°. 

Now if these tetrahedra had consisted of pure dextrorotatory 
camphorsulphonic chloride, they would have had a specific rotatory 
power [@]p = +128°7°, that is to say, the rotation should have been 
22 times greater than the observed value, and, moreover, their 
elimination from the sample of specific rotation [a]p = +0°42° must 
have been accompanied by a very much greater change in the specific 
rotation of the latter; in other words, the tetrahedra in question 
could not be all of the same kind. 

Some of the tetrahedra which had not been employed for the 
optical examination were well washed with petroleum until free from 
adherent matter, and dried in the air; 10 well-defined, lustrous 
crystals, when heated singly in separate capillary tubes, had practically 
the same melting point; one or two of them showed faint signs of 
melting at about 130°, and completely liquefied at 135°, but all the 
others melted at 135—137°; after solidification, they all melted at 
practically the same temperature as at first. 

Other tetrahedra from the same sample were then examined in 
pairs, two crystals of approximately equal size being taken at 
random and placed either slightly apart. or in loose contact in a 
capillary tube; 15 pairs were thus treated. On slowly heating, not 
one out of the 30 crystals showed any signs of melting until the 
temperature rose to about 127°, but they all liquefied completely 
below 137°, the majority of them melting at 135—136°. As soon 
as the fused mixture of two tetrahedra had solidified, the melt- 
ing point was again taken; the contents of 12 out of the 15 tubes 
melted at practically the same temperature as at first, namely, at 
about 135°, but the contents of the remaining three liquefied com- 
pletely at 105°5—107°5°. Finally, eight small tetrahedra were placed 
in loose contact in a single tube; signs of melting were visible at 
about 125°, and at 134° they had all melted; after having solidified, 
the contents of the tube liquefied completely at 105°5—107°. 

These observatious prove that there are two kinds of tetrahedra 
which, when fused together in approximately equal quantities, give 
a substance melting at about 106°; since both kinds melt at about 
135°, that is to say, at practically the same temperature as dextro- 
rotatory camphorsulphonic chloride, and are identical in other prv- 
perties, it follows that they represent respectively the dextro- and 
levo-rotatory modifications. 

The reason that the melting point of the separate crystals was not 
always the same as that of the pure dextrorotatory compound was, 
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doubtless, due to the presence of traces of the mixture of lower 
melting point, the crystals having been taken from a solution which 
contained a large excess of the latter; the fact that only three out of 
the 15 pairs examined consisted of the two kinds of crystals, whereas, 
according to the laws of probability, five pairs should have done so, 
was, no doubt, partly owing to the fact that the tetrahedra had been 
obtained from a dextrorotatory solution, which would yield a larger 
proportion of the modification present in excess. A second experi- 
ment with a totally different sample of tetrahedra gave slightly 
different results. Six crystals, heated singly, melted at 130—136° ; 
after solidification, they showed the same behaviour. 12 crystals 
heated in pairs all melted at 130—136°; three out of the six pairs 
melted completely at 105°-5—107°5° on heating for the second time. 

Although we have not yet succeeded in isolating the levorotatory 
camphorsulphonie chloride, except in the form of single crystals 
which could not be identified, we have obtained further evidence of 
its existence, as will be seen from: the-facts now to be stated. 

The successful preparation in the above mentioned manner of a 
substance which showed optical inactivity in chloroform solution was 
simply a matter of chance. On recrystallising the inactive sample 
already referred to, tetrahedra were again deposited'from the soln- 
tion, the principal portion of the deposits consisting, as before, of 
transparent prisms; five crystallixations yielded 47 well: defined 
tetrahedra, all of which were removed. The rest of the sample, 
previously inactive, had now become distinctly dextrorotatory, and 
the tetrahedra (0°118 gram) which had been taken from the solution 
had a specific rotation [a]n = —20°7°. 

Several other samples of sulphonic chloride showing feeble dextro- 
rotation were repeatedly recrystallised, and small quantities of tetra- 
hedra separated. In some cases, the solutions became distinctly 
levorotatory, the specific rotation of the dissolved substance being in 
one case as high as [a]p = —0°42°; the mixture of tetrahedra 
separated from solutions which became less dextrorotatory, consisted, 
of course, of a larger proportion of dextro- than of levo-erystals, the 
mixture of the two showing, in some cases, a specific rotation of as 
much as [@]p = +25°. Solutions of samples which showed levo- 
rotation still continued to deposit tetrahedra on recrystallisation, and 
sometimes became dextrorotatory ; in such cases, the mixture of tetra- 
hedra, which had been separated, contained the levorotatory modifi- 
cation in excess, and had a specific rotation amounting, in one instance, 
to as much as [a@]p = —207°. . 

These observations seem to prove the existence of levorotatory 
camphorsulphonic chloride. 
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Character and Properties of the Mixture of Optically Active Camphor. 
sulphonic Chlorides. 


The question whether the two optically active compounds combine 
to form a racemic modification remains to be discussed ; it becomes 
necessary, therefore, to more fully describe the character of the prisms 
and four-sided plates which have been already mentioned, 

Concerning the prisms, it may be stated that the smaller crystals are 
usually transparent and, to the unaided eye, appear to be well defined 
and absolutely homogeneous (see Fig. 1, next page), just as much s0, 
in fact, as crystals of zinc sulphate. Larger crystals, which can easily 
be obtained 20 mm. in length, very frequently show a striated appear. 
sance whieh renders them opaque in places, otherwise they seem to he 
similar to the smaller prisms, except, perhaps, that they are not 
quite so well defined; their striated appearance seems to be due to 
internal fracture because, on carefully watching the crystals, we 
frequently observed that transparent parts suddenly became opaque, 
probably owing to aslight change of temperature. These prisms have 
no constant melting point. Some of them show signs of melting at about 
106°, and liquefy completely at about 115°, that is to say, part of the 
crystal will melt at the lower temperature and flow to the bottom of 
the tube, leaving a portion of solid matter which adheres to the side 
of the tube, and which does not melt until the higher temperature is 
reached. Others, more especially those obtained from a solution con- 
taining a considerable excess of one of the active modifications, begin 
to melt at about 110°, but do not assume a completely liquid form 
until the temperature has risen to about 130°; the solidified mass, on 
reheating, usually begins to melt at 105°5°, but often does not liquefy 
completely until about 130°, 

The behaviour here described in the ease of two extreme examples 
is typical of all the prismatic crystals, and may be accounted for by 
assuming that they are non-homogeneous mixtures of variable pro- 
portions of the two optically active substances; the behaviour 
illustrated by the first example is probably that of crystals in which 
the constituents are present in approximately equal quantities; if, 
however, one modification be present in large excess, the crystals 
would, doubtless, show the behaviour illustrated by the second 
exainple. 

That these erystals do actually consist of the two optical isomer- 
ides is hardly to be doubted; that they may contain unequal quanti- 
ties of the substances is proved by the following experiment :—A 
chloroform solution of a sample of well defined tetrahedra (0:1i6 
gram, [a@]p = +24°8°) was mixed with a solution of a different 
sample of tetrahedra (0°182 gram, [@]p = —11°2°), and evaporated to 
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dryness; the residue melted at 107—115°, and, on reheating, at 
105°5—106°5° ; it was dissolved in ethyl acetate in a test tube, and 
the solution allowed to evaporate at the ordinary temperature. Two 
large, and one small, well defined prisms were deposited, but no 
tetrahedra; on recrystallising the whole, a number of small, well 
defined prisms were obtained, but not a single tetrahedron ; one of 
these prisms melted at 106—120°, and, after solidification, liquefied 
completely on reheating at 1055—106°5°; on recrystallising the 
remainder, one fairly large tetrahedron was deposited, but, after some 
time, it was converted into a large prism of irregular form, having 
become imbedded, as it were, in a mass of the crystalline mixture, a 
phenomenon which was frequently observed in other cases. 

The variable composition of these prisms is also indicated by a crys- 
tallographic examination. On attempting to measure the angles, 
multiple images were obtained from all the faces, and the only result 
arrived at was that the prism angle mm (see Fig. 1) was nearly 90°, 
so that the axes a and b are almost equal in length, just as in the 
crystals of the optically active modification described below. The 
forms present are m{110} and o{111}, and very rarely b{010}. Each 
face of the form m{110} is generally marked with a fine, irregular 
line in the direction of the c-axis, just as is frequently seen on quartz 
crystals ; this line is often continued on to the pyramid form, and 
probably indicates twinning, as in the case of quartz; in addition to 
this line, light strie parallel to c are also observed. The extinction 
through m{110} is straight all over the face, and the optic aria’ 
plane is b{V1U}. We were unable to cut a section in order to 
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measure the optic axial angle owing to the extremely brittle nature 
of the crystals, but on carefully chipping a large number, 4 few 
chance fragments the sides of which were approximately parallel to 
a{100} were obtained, and through these the smaller axial angle 
could: be observed; the angle in air was about 45°, and the inter- 
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ference figure exactly similar to that of the four-sided plates referred 
to below. 

All the above observations having shown that the prismatic crys. 
tals do not represent a pure racemic form of camphorsulphonic 
chloride, we carefully examined the four-sided plates already alluded 
to. These crystals are generally 2—3 mm. in width, and are often 
observed growing in rows of as many as 10 or 12 individuals, 
attached to each other by their opposite corners: though at first 
transparent, they become opaque after some time, even when left in 
the solution. Their behaviour on heating is practically the same as 
that of the prisms, but, perhaps, not quite so irregular; they usually 
show signs of melting at about 106° and liquefy at about 111°; the 
solidified mass generally melts at 105°5—106°5° on reheating. They 
belong to the rhombic system, but attempts to measure them were as 
unsuccessful as those made with the prisms; the angle of the rhomb 
is, however, about 90°. The forms present are o{111} and a{100}; 
the pinacoid is the acute bisectrix, and through it the optic axes are 
seen. The opposite corners of the crystals are joined by lines 
reaching across a{100}, these lines being the traces of two of the 
planes of symmetry upon the third. On examining the plates in 
convergent polarised light with a }-inch objective, a portion (A) of 
the crystal often shows two similar biaxial interference figures, 
superposed at 90° (see Fig. 2); this patch is caused by twinning 
upon {011}, the existence of the four optic axes being due to the 
composite nature of the crystal in the part (A). 


These plates are frequently obtained on recrystallising the prisms 
from ethereal petroleum, sometimes also, but under conditions which 
we could not satisfactorily determine, when ethyl acetate is employed. 

When the large prisms or the four-sided plates are dissolved in light 
petroleum (b. p. 80—90°) and the solution cooled very slowly, 
extremely thin, acicular prisms 3—4 cm. in length and about 0'5 mm. 
in width are deposited ; these usually melt at 106—110°, and, on re- 
heating, the solidified mass liquefies completely at 105°5—107° ; whea 
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crystallisation has taken place quickly from a hot solution, the melt- 
ing point of the crystal powder appears to be much more regular. In 
shape, the acicular prisms closely resemble the massive prisms ob- 
tained from ethyl acetate solution, but as they exhibit the form 
a{100}, the apparent optic axial angle in air, 2E, could be measured ; 
the following values were obtained from observations made with 
three crystals. 


Light. No. of obs. Limits. Mean. 
Sodium. 21 48° 22’—49° 16’ 48° 53’ 
Thalliam. 20 48 53—50 50 49 21 


The rather wide limits between which the observations lie are due 
to the extreme thinness of the plates, the brushes on which the cross 
wires of the polariscope had to be centred being necessarily of con- 
siderable breadth. In polarised light, the crystals show interference 
colours of high orders. 

Although, as will be seen, the arguments which can be advanced 
against the view that one or other of the two forms of crystals just 
described may represent a true racemic modification are not quite so 
strong as in the case of the large prisms, we have been unable to 
adduce any evidence in favour of such an assumption. 

It would seem, therefore, that dextro- and levo-rotatory camphor- 
sulphonic chlorides have the property of crystallising together in 
almost any proportion, the crystals so formed being partially resolved 
into their components on recrystallisation; although these crystals 
are so different in habit from those of the pure, optically-active 
modification (see later, p. 566), the ratio of the crystallographic axes 
seems to be approximately the same in both cases. 

The curious behaviour which the various kinds of crystals show when 
heated, and which at first, when they were thought to be homogeneons, 
was attributed to dimorphism, appears to be simply the result of 
admixture, as is shown by the following experiment :—12 well-detined 
tetrahedra, obtained from an approximately inactive solution, were 
well washed with ethyl acetate and petroleum successively, and, 
when dry, reduced toa fine powder. This powder behaved exactly 
lke the well-defined prisms and four-sided plates; it began to melt 
at about 106° and was completely liquid at about 115°; it melted 
for the second time at 105°5—107°. 

There is little to add to the above account of the properties of the 
mixture of the two optically active camphorsulphonic chlorides. It 
is very readily soluble in chloroform and dissolves freely in most or- 
dinary organic solvents except light petroleum, in which it is only 


. Sparingly soluble at high temperatures and almost insoluble at low ; 


the appearance of the crystalline deposit obtained on rapidly cooling 
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a hot light petroleum solution is very characteristic, and is shown 
in Fig. 3. The behaviour of the sulphonic chloride with water and 
with ammonia is described later. 


Fie. 3. 


Hitherto only the sulphonic chloride obtained from the product of 
the interaction of camphor and anhydrosulphuric acid has been re- 
ferred to; that obtained with the aid of chlorosulphonic acid has not 
yet been very carefully examined, but appears to be, on the) whole, 
yery similar in composition tothe other, A dextrorotatory compound, 
identical in optical and in general properties, with that obtained by 
the first method has been separated from, it; the principal portion of 
the product consists of a substance which crystallises in compact 
prisms, four-sided plates, and acicular prisms, apparently identical 
with those described above, and which is, therefore, in all probability, 
a mixture of dextro- and levo-rotatory camphorsulphonic chlorides, 


Dezxtrorotatory Camphorsulphonic Chloride, CH,,0°SO,CI. 


The isolation of this substance having been already described, we 
will pass at once to an account of its properties, its composition 
having been determined by the following analytical results. 


0°1535 gave 0°2683 CO, and 0°0854 H,0. C = 47°65; H = 618. 
02265 ,, 0:1287 AgCland0°2180 BaSO,. Cl= 1404; S = 13°21. 
C,oH,;0°SO,C1 requires C = 4792; H=&99; Cl = 1414; 

S = 12°78 per cent. 


a 
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It melts at 137°5°, and its melting point is the same on reheating. 
It erystallises from boiling light petroleum in very peculiar, dendritic 
forms much the same in appearance as the crystals of the mixture 
shown in Fig. 3; it separates from cold chloroform in well-defined, 
transparent prisms. On crystallisation from hot ethyl acetate, it is 
deposited in curious, opaque masses, which have usually a more or less 
triangular form; when, however, crystallisation takes place slowly at 
the ordinary temperature, it is obtained in well-defined tetrahedra, 
Fig. 4, which are represented and described below (p. 566). The solu- 
bility of this substance in most ordinary solvents seems to be rather 
less than that of the mixture already described, nevertheless, it dis- 
solyes freely in most of the ordinary solvents with the exception of 
light petroleum. It is only slowly hydrolysed by boiling water, 
giving a colourless solution; it is readily acted on by warm potash. 
‘In determining its specific rotation, 13372 grams of substance 
melting at 131°5° were dissolved in chloroform, the solution diluted 
to 25 c.c., and examined at 14° in a 200 mm. tube ; the average of seven 
concordant observations was [a]p = +13° 46’; the specific rotatory 
power is, therefore, [a]p = +128°7°, a value higher than those of 
the bromo- and chloro-derivatives described below. Although great 
care was taken in purifying the sample employed in the rotation de- 
termination, we have hitherto had at our disposal such very small 
quantities of the pure substance that the value given above may not 
be quite accurate ; it may be stated, however, that a carefully puri- 
fied sample of the dextrorotatory sulphonic chloride obtained from 
the product of the interaction of camphor and chlorosulphonic acid 
gave a value practically the same as the other preparation, namely, 
[@)p = +127°6°. 

The crystals deposited from ethyl acetate solution are indis- 
tinguishable by mere inspection from cubic tetrahedra; the edges 
are generally a millimetre or so long. Such small crystals as these, 
show, as a rale, only the hemihedral octahedron, but on microscopic 
examination, the corners are frequently seen to be replaced by the 
complementary tetrahedron. Crystals having edges a centimetre or 
so in length may, however, be readily cultivated ; these crystals or- 
dinarily exhibit only the one tetrahedron form, but occasionally the 
combination of forms represented in Fig.'4 is obtained. The form 
0,x{111} is always the largest present; it gives rather poor reftec- 
tions on the goniometer, owing to a somewhat irregular habit of 
growth by which it is characterised. The complementary tetra- 
hedron, o', «{ 111}, is, as ‘before stated, only seldom present.; its faces 
are, however, very bright-and give good measurements. The pina- 
coid c{001L} is more often observed ; it is somewhat irregularly de- 
veloped, but generally gives pretty fair results on measurement. The 
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prism form p{110} is very seldom exhibited and gives indifferent re. 
flections. The two remaining forms, r{011} and qg{101}, which are 
rarely observed, are very small, and their faces reflect so little light 
that the one, g{101}, is measured with difficulty, even when the 
lowest power of the larger Fuess goniometer is used; the other, 
r{011}, could not be measured at all. ° 

The crystals are very brilliant, possess a glassy lustre, and are ex- 
tremely brittle, breaking apparently with equal facility in all direc- 
tions and showing a conchoidal fracture. It was impossible to cut 
sections for optical examination, but on crushing the crystals on 
the microscope stage, a few irregular fragments were obtained, show- 
ing a biaxial interference figure on examination under a wide-angled 
immersion objective in polarised light. The apparent optic axial angle 
in air is about 45°, that is to say, of about the same magnitude as the 
angle measured on the prismatic crystals of the mixture of optically 
active isomerides described above. ‘lhe double refraction is positive 
and very strong. 


Fie. 4, 


Crystalline System: Orthorhombic. Sphenoidal hemihedrism. 
a:b:c¢ = 0°9980: 1: 1°0368. 


Forms observed : 


Cecce {OOL}.... OP 
@ ocee mi hll} ...0 +P 
o'....«{11l}.... —P 
poe {110}.... ooP 
ree. {O1l}.... Poo 
ere) |r 


The following angular measurements were obtained :— 


Number of 
Angle. observations. Limits. Mean. Calculated. 
0OL: 111 17 55° 19’— 56° 12’ 55° «44’ —_— 
111: 110 6 33. 57— 34 31 34 15 34° 16’ 
111 : OoI 15 12+ 1—124 29 124 14 124 #16 
111: TI 24 108 9—108 51 108 34 —_ 
111: 101 8 35 16— 36 2 35 38 35 43 


oe 
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Notwithstanding the close agreement between the observed and 
calculated valnes of the angles given in the above table, the small 
difference in length of the a and b axes is practically within the limits 
of experimental error; the angle bp(010 : 110), the tangent of which 
measures the ratio b : a, is calculated as 45° 3’ 30"; if this angle were 
3:5’ smaller, the axes a and b would be equal in length. We should, 
therefore, have had considerable doubt as to whether the crystals 
belonged to the orthorhombic or to the tetragonal system had it not 
been for the conclusive evidence afforded by the observation of the 
biaxial interference figure. ‘This point will be again referred to 
in connection with the sulphonamide derived from this substance. 


Deztrorotatory Camphorsulphonamide, CyoH,;0-SO,°N He. 


In preparing this sabstance, a small quantity (1 gram) of the pure, 
finely-divided dextrorotatory sulphonic chloride melting at 137:5° was 
placed in astoppered bottle together with a little concentrated aqueous 
ammonia, and the mixture well shaken ; a slight development of heat 
seemed to occur, but the powder did not dissolve completely even on 
prolonged shaking, although it distinctly underwent a change in ap- 
pearance. After keeping for about six hours, tae contents of the bottle 
were transferred to a dish and the ammonia allowed to escape at the 
ordinary temperature, during which process the amide was slowly 


deposited in a crystalline form; the next day the product was 
separated by filtration, washed with a little cold water, and dried at 
100°; the yield was 0°75 gram, and, on evaporating the mother liquors, 
a further small quantity was obtained, so that but little of the chloride 
had been converted into the ammonium salt of the sulphonic acid. 

For the analysis, the substance was recrystallised from ethy] acetate 
and dried at 100°. 


01570 gave 0°2988 CO, and 0°1079 H,O. C = 51:90; H = 7°63. 
CyHO°SO,-NH, requires © = 51°95; H = 7°36 per cent. 


Dextrvrotatory camphorsulphonamide separates from cold ethyl 
acetate in well-defined crystals which are described below; these 
crystals show faint signs of melting at 135°, end liquefy completely 
at 137°5°, that is to say, at the same temperature as the sulphonic 
chloride from which they are derived; the solidified mass melts at 
136—137° on reheating. 

When the amide is slowly crystallised from its solution in concen- 
trated ammonia, it separates in small, compact, six-sided plates 
which seem to contain water of crystallisation ; when these crystals are 
heated, they begin to melt at about 105°, and at the same time effervesce, 
but they do not liquefy completely until the temperature rises to 
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about 120°; after solidification, the melting point is 136—137°. The 
amide is moderately easily soluble in hot water and in chloroform, 
separating from the latter in well-defined plates. 

For the determination of its rotatory power, 0°5629 gram was dis. 
solved in alcohol, the solution dilated to 25 c.c., and examined at 13° 
in a 200mm. tube; @p = +4° 13’ as the mean of 10 concordant obser. 
vations, or [a]p = +93°6°. 

The crystals of dextrorotatory camphorsulphonamide deposited on 
spontaneous evaporation of its solution in ethyl acetate are colourless 
and transparent, and belong to the tetragonal system ; they are re- 
markable both for their great beauty and their very unsymmetrical 
development. They grow in a great variety of forms, the particular 
shape of any individual apparently depending on which face rests on 
the bottom of the vessel. In a few instances the pinacoid c(001) 
is the lowest face, and the crystal then develops into a double pyramid 
having its lower end much more truncated than the upper one, as 
shown in Fig. 5. If the crystal happens to grow on one of the 
dome faces p(hok), a very unsymmetrical figure, which at first sight 
would seem to belong to the rhombohedral system, is obtained. At 
other times, four-sided, flattened pyramids, possessing a{100} as the 
basal plane, are formed. The crystallographic identity of these and 
several other habits assumed by the substance was fully proved by 
careful goniometrical measurements. 

The form c{001} is the only one of the pinacoids which attains any 
considerable size; it is very frequently absent, but, when present, it 
gives pretty fair reflections on the goniometer. The form p{101} is 
always present, is generally very well developed, and gives very per- 
fect images, so that it can be measured with considerable accuracy. 
The occurrence of the vicinal forms p’{403} and p’’{20 0 19} is very 
remarkable, forms of such high orders being so rarely observed on 
crystals of artificial origin, and particularly on crystals of organic 
substances, which usually consist of but a few simple forms. The 
form p'{403} is very well defined and usually gives very perfect 
images; it is generally of about the same size as p{101}. The form 
p' {20 0 19} is, as a rule, much smaller, and does not give such sharp 
measurements as p' {403}; compared, however, with the reflections 
ordinarily obtained from artificial crystals, the images are good. 

In addition to the forms enumerated above, several others vicinal to 
p{101}, p'{403}, and p"{20 0 19} are generally observed, one of these 
in particular, which lies about 6° from p{101}, being very sharply 
defined. As will be seen from the data given below, measurements 
of a very exact nature may be made on these crystals. As the study 
of such vicinal forms seems likely to lead to results of great crystallo- 
graphic importance, a careful investigation of this substance is 
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being undertaken with the object of ascertaining whether any regu- 
larities exist such as have been pointed out by former investigators 
in the cases of the minerals quartz, adularia (Websky, Zeit. d. d. geolog 
Ges., 15, 677) and pyrargyrite (Miers, Zeit. f. Kryst., 15, 129). 

On examination in convergent polarised light, the optic axis is 
seen through the basal pinacoid c{001}. The double refraction is 
positive in sign and weak, but both refraction and dispersion are 
strong. 

Since this substance exhibits circular polarisation in solution, it 
should crystallise in hemihedral forms; as, however, the forms 
observed up to the present cannot be affected by hemihedrism, its 
non-appearance is accounted for. It is intended to compare the 
crystalline form of this dextrorotatory amide with that of the levo- 
modification, if the latter can be prepared. 


Crystalline System: Tetragonal. 
a:¢ = 1:1°1253. 
Forms present : 
© cece {O01} .... oP 
p.-.. {101} .... Poo 
. {403} .. $Poo 
p’.. {20019} .. 22Poo, 


The following angular measurements were obtained :— 


Number of 
observations. Limits. Mean. Calculated. 
48° 12’— 48° 35’ 48° 22’ 30” ne 
38— 96 96 45 0 96° 45’ 
9— 83 83 18 0 83 
44 — 63 63 48 30 63 
4—116 116 10 116 
50— 8 7 55 7 
10 — 75 75 17 75 
; 15 — 67 67 22 67 
:20019 7 26— 1 ct. a, 
:20019 5 6 27— 6 629 0 6 
4 7 4—%2 72 6 0 72 
3 107 64—107 107 57 0 107 
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- On comparing the axial ratios of the active sulphonamide with 
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those of the corresponding active sulphonic chloride, considerable 
similarity will be seen to exist :— 


C,oH,,0°SO,Cl.... = 0°9980 : 1: 1:0368 


a:b:e 
C,oH,,0°SO,°N H,. e a:b:c= 1:0000 :1: 1°1253. 


The ratio a: b is almost the same in both cases: that there is, how- 
ever, a slight difference between these ratios for the two substances 
is shown by the fact that the amide is tetragonal, and hence has its 
two axes a and 6 equal in length, whilst the chloride, which is ortho- 
rhombic, necessarily has these two axes of different lengths. The 
difference betweeen the ratio a : b in the two cases is very small, cor- 
responding to a difference of only 3’ or so of arc; it is, however, 
somewhat curious that this difference is of such a nature as to change 
the crystalline system from a uniaxial toa biaxial one. The ratio 
b : ¢ is, as will be seen from the above figures, considerably altered by 
the change from the sulphonic chloride to the sulphonamide. 

There is apparently no crystallographic relationship between the 
active and inactive amides; the latter crystallises in the mono- 
symmetric system and its axial ratios differ considerably from those 
of its active and tetragonal isomeride, although the crystalline form is 
not masked in either case by the presence of solvent. 


Inactive Camphorsulphonamide, CyH,,0-SO,"N H,, 


We prepared this compound by the same method as that described 
in the case of the dextrorotatory amide, using for this purpose a sample 
(1 gram) of the sulphonic chloride which had a specific rotatory power 
[a]p = +021°, and which melted, when heated for the first time, at 
106°5—111°, afterwards at 1055—106°5°. The appearances and 
behaviour of the sulphonic chloride during the action were the same 
asin the case of the active compound ; the crude product when dried 
at 100° was free from ammonium salts and weighed 0°7 gram; as a 
small quantity remained in the mother liquors, from which, on 
evaporating, it was deposited in well-defined plates, it is evident that 
the formation of ammonium camphorsulphonate takes place, if at 
all, only to a very slight extent. 

The analyses were made with a sample which had been recrystal- 
lised from alcohol and dried at 100°. 

0°1628 gave 0°3096 CO, and 0°1106 H.O. C = 51°86; H = 754. 

0°1856 ,, 01876 BaSOQ,. S = 13°59. 

C,oH,0-SO,"NH, requires C = 51°95; H = 7:36; S = 13°85 per cent. 


On examining an alcoholic solution of 06341 gram of the substance 
in 25 c.c.in a 200 mm. tube, it was found to be inactive ; this obserta- 
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tion, and the generally well-defined character of the substance, point 
to the conclusion that the two optically active amides combine to 
form a stable racemic compound, a view which is confirmed by the 
crystallographic examination. 

The crystals of the amide obtained from ethyl acetate solution show 
signs of melting at about 133°5°, but do not melt completely until the 
temperature has risen to 136°5°. When the capillary tube containing 
the liquid substance is cooled, crystallisation does not take place at 
all readily, but can sometimes be brought about by plunging the tube 
into the hot sulphuric acid (at about 130°) and immediately with- 
drawing it; the opaque, crystalline mass obtained in this way melts 
sharply at 122—123° if it be heated almost immediately. When, on 
the other hand, the liquid or vitreous substance in the tube is allowed 
to crystallise slowly, or the substance melting at 122—123° is kept 
for some time, the melting point is found to.be 131°5—132°5°. This 
behaviour is doubtless due to dimorphism ;.that it is not the result of 
the presence of excess of one of the optically active amides seems tu 
be proved by the fact that a mixture of the crystals of this sub- 
stance with those of the dextrorotatory amide melts at practically 
the same temperature as the separate constituents, namely, at 
143'5—136°5° when heated for the first time, afterwards either par- 
tially at 122—123°, or not until 131°5—132°5°. 

The solubility of this substance in various organic liquids seems to 
be approximately the same as that of the active amide; it dissolves 
freely in boiling water, from which it is deposited, on cooling, in 
small rhombs; it is moderately easily soluble in chloroform, but almost 
insoluble in boiling light petroleum. 

It crystallises from alcvhol in small, colourless, transparent, six- 
sided tablets, Fig. 6, which are generally less than 2 mm. in 
width. On examining these crystals in convergent polarised light, 
an optic axis is seen emerging from the form a{100}; the axis is not 
central, however, but lies in the obtuse B-angle 100: 0U1. The ex- 
tinction in a{ 100} is, of course, the trace of the plane of symmetry on 
that form, so that the plane of symmetry is also the optic axial plane ; 
the double refraction is weak, and the dispersion strong. The crysta!s 
are unaffected by exposure to the atmosphere. 


Fie. 6. 
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The pinacoid a{100} is very irregularly developed, and multip'e 
images are obtained from it; this form is the largest present. The 
other pinacoid c{001} comes next in point of size, and also gives poor 
reflections. The pyramid forms o{111} and o'{111} are smaller than 
the pinacoids, and generally give better images. 

The following results were obtained on measurement :— 


Crystalline System : Monosymmetric. 
a:b:c¢ = 0°821:1: 1-047, 
B= 81° 4, 
Forms observed : 


@ see {100} ,... coPco 
© cece {001} .... oP 
Cenc SED oneal 
O coce {UM} cvee +P 


No. of Mean 
measure- observed 

Angle. ments. Limits. value. Calculated. 
100 : OO1 7 80° 59’—82° 24’ 81° 48’ 81° 4’ 
100 : OOI 6 97 32—99 8 98 17 98 56 
100: 111 15 44 24—45 16 44 50 45 0 
111: 11 21 82 43—83 20 83 38 _ 
100 : 111 19 51 30—52 22  °#£«561 57 _ 
001 : 111 12 53 24—54 31 53 57 53 41 
111: I11 10 61 43—62 36 62 6 62 31 
oo1 : 111 18 63 12—64 27 63 48 —_ 


Optically Inactive Camphorsulphonic Derivatives. 


The sulphonic derivatives of camphor which are now to be de 
scribed were prepared from the sulphonic chloride previous to the 
discovery of its composite nature; it is very probable, therefore, 
that the samples employed were feebly dextrorotatory. Under these 
circumstances, it is possible that some of the preparations, even after 
having been purified, were mixtures consisting of a large proportion 
of a racemic with a very small proportion of a dextrorotatory com- 
pound; as, however, fairly concentrated aqueous solutions of the 
sodium and barium salts of the sulphonic acid showed no appreciable 
rotation on examination in a 200 mm. tube, and as, moreover, the am- 
monium and zine salts, which form well-defined crystals, appeared to 
be homogeneous, we do not think that the dextrorotatory substance, 
even if it were present at all, could have been in sufficient quantity 
to cause any appreciable errors, except perhaps in the determin 
tions of the water of crystallisation of some of the salts, 
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Camphorsulphonic acid, C\H,s0°SO3H. 


Although this compound is the product of the action of either 
anhydrosulphuric or chlorosulphonic acid on camphor, it cannot be 
directly isolated from the solutions, but must first be converted into 
the sulphonic chloride. In preparing the pure acid, the finely- 
divided, pure sulphonic chloride (about 10 grams) is placed in a flask 
containing ahout 20 c.c. of distilled water, and provided with a reflux 
condenser; the flask is then heated on a sand-bath. Apparently no 
change takes place at first, but after boiling for some time the crystals 
begin to change to a colourless oil which slowly passes into solution. 
As soon as the whole is dissolved, the colourless solution is transferred 
to adish and evaporated on the water-bath until it begins to smell 
distinctly of hydrochloric acid; it is now diluted with alcohol, and 
again evaporated to a small bulk ; this process having been continued 
until a portion of the syrupy residue gives no precipitate with a dilute 
solution of silver nitrate, a little water is added, and the solution 
heated on the water-bath to expel the alcohol. 

The aqueous solution of camphorsulphonic acid thus prepared has 
usually a yellowish colour, due, apparently, to the decomposition of 
some of the acid by the hydrochloric acid which becomes concen- 
trated during the first evaporations; when care is taken not to con- 
centrate too far before adding alcohol, only very slight charring 
occurs, and a practically pure solution of the sulphonic acid is 
obtained. 

When the syrupy, aqueous solution is kept for some days over 
sulpkuric acid, the sulphonic acid is deposited in colourless, leaf-like 
crystals which are hygroscopic; although in very dry weather the 
crystals seem to undergo little change on exposure to the air, they 
rapidly deliquesce in a moist atmosphere ; for this reason the acid 
was not analysed, and the properties of the solid substance were not 
very fully examined. 

A small quantity of the crystalline substance which had been kept 
for some days on porous earthenware over sulphuric acid melted at 
56—58°; when the capillary tube containing the liquid acid was 
slowly heated to 105°, no effervescence was observed, and, some time 
afterwards, the tube having been kept in a desiccator, the melting 
point was again found to be 56—58°; these observations seem to show 
that the crystalline acid is anhydrous, or that it does not lose its water 
at pond (compare the behaviour of bromocamphorsulphonic acid, 
p- . 

The crystals of camphorsulphonic acid are very readily soluble in 
water and in alcohol ; they seem, also, to be soluble to a slight extent 
in dry ether, 

2R2 
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The aqueous solution of the acid has a sour, rather bitter taste, 
turns blue litmus red, and rapidly decomposes carbonates with effer- 
yescence ; granulated zinc placed in a cold, moderately concentrated 
solution is slowly acted on with evolution of gas, and, on warming, 
the metal is rapidly dissolved; magnesium in the form of ribbon is 
also readily acted on when the solution is warmed, but silver and 
copper seem not to be attacked even by boiling, concentrated 
solutions. 

In concentrated solutions of the ammonium salt, solutions of cop. 
per, lead, silver, mercuric, and stannous salts produce no precipitate ; 
the addition of a drop of ferric chloride prodnces a faint yellow 
coloration, and on warming a distinet reddish colour, which changes 
again to a faint yellow on cooling. 

Ammonium camphorsulphonate, CH,s0°-SO,ONH,—This salt is 
easily obtained by adding .a slight excess of ammonia to an aqueous 
solution of the acid, prepared as described above, and then evaporat- 
ing on the water-bath. Daring this process the solution, which is at 
first slightly coloured, but clear, rapidly becomes turbid owing to the 
separation of a very small quantity of a brownish, flocculent sub- 
stance; on filtering from this impurity, a colourless solution of the 
salt is obtained. The formation of this precipitate is observed in 
preparing all the salts af the sulphonic acid, and is doubtless due to 
the presence of traces of some decomposition product of the acid 
originating in the raanner already suggested. 

The ammonium salt crystallises from its concentrated aqueous solu- 
tions in colourless needles or prisms which, when thoroughly air dried, 
do not lose in weight when heated at 130°; it is very readily soluble 
in water, alcohol, and acetone, but seems to be inscluble in ether and 
benzene. 

Sodium camphorsulphonate, CyH,;0°SO,,0Na.—This compound is 
formed when the aqueous solutiou of the acid is neutralised with pure 
sodium carbonate; on evaporating the filtered solution to a syrup and 
thea allowing to cool, the salt is obtained in ill-defined, colourless 
plates. 

For analysis, the crystals were first dried on porous earthenware 
attd then exposed to the air for many days until approximately constant 
in weight; it may be here stated that many of the salts of camphor- 
sulphonic acid, and of the corresponding chloro- and bromo-acids 
described below, are very sensitive to changes in the hygrometric state 
of the atmosphere, and on exposure to the air they gain or Jose in 
weight according as the air is damp or dry; this variation is not 
very great, but is probably sufficient to cause slight errors in the 
determinations of the water of crystallisation of some of the salts. 


lo 
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. 0°3134 gave 0:0739 Na,SO,. Na = 7°64. 
07768 lost 0°0899 at 100°. H,O = 11°57. 
CyoH,,0°'SO,,ONa + 3H,0 requires Na = 7°46; 2 out of 3H,0 = 
11°69 per cent. 


Judging by these results, the salt contains 3'mols..H,0, but, as it 
slowly decomposes at 130°, the water could not be estimated directly. 

Sodium camphorsulphonate is very readily soluble in water, alcohol, 
and acetone, but seems to be insoluble in benzene; it does not melt 
in its water of crystallisation when heated at 100°, as do the sodium 
salts of chloro- and bromo-camphorsulphonic acids. 

Potassium camphorsulphonate, CjH,;0°SO,,OK + 1}H,0, was pre- 
pared in the same way as the sodium salt; it crystallises from hot 
concentrated aqueous solutions in. colourless, striated needles, and is 
readily soluble in alcohol and acetone. 

Analyses of the air-dried salt gave the following results, 


06657 lost 0°0599 at 100°, and no farther loss occurred at 

140—145°, although the salt turned slightly brown. H,O = 9-0. 
03081 gave 0°0873 K.SO,. K = 12°7. 

C,,H,0°SO,,0K + 13H,0 requires H,O = 9:1 ; K'= 13:1 per cent, 


Barium camphorsulphonate, (CjH,s0°SO,°0).Ba + 3$H,0.—In pre- 
paring this salt, an aqueous solution of the acid was boiled for some 


time with excess of pure barium carbonate, and the slightly acid, 
filtered solution evaporated on the water-bath ; on cooling,, the solu- 
tion slowly changed into a colourless, crystalline mass,.which was 
then spread on biscuit ware and finally dried in the air until it ceased 
t» continuously lose in weight. Various preparations were analysed 
with the following results. 


I. 0°7759 lost 0°0714 at 150°. H,O»= 9°20. 
0'2775 gave 0°0976 BaSO,. Ba = 20°69. 

II. 0°4643 lost 0°0436 H,O at 160°. H,O = 9°39, 
0°2755 gave 0:0975 BaSO,. Ba = 20°67. 

TIT. 0°5198 lost 0°0417 at 100°, a further loss of 0-0067 gram occur- 
ring at 135—140°. H,Q:= 8:02 (at 100°); 4 (between 
100° and 130°). 

0'2847 gave 0°1000 BaSO,. Ba = 20°65. 
(C\H,,0-SO;).Ba + 3$H,0 requires Ba = 20°69; 33H,O = 951; 
3 out of 3$H,0 = 8:15, 3H,O = 1°46 per cent. 


These results seem to show that the salt crystallises with 3} mols. 
H,0, of which three are expelled at 100°, the remaining } mol. being 
lost between 100° and 130°. 

The sodiom, potassium, and barium salts which have been heated 
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at 100°, are very hygroscopic, and rapidly gain in weight on exposure 
to the air, but without liquefying ; for this reason the determinations 
of the percentage of metal were all made with air-dried samples, a 
portion of the preparation being taken at the same time for estimating 
the water of crystallisation. 

Zine camphorsulphonate is obtained in beautiful, colourless, trans- 
pareut prisms, when granulated zinc is dissolved in an aqueous solu- 
tion of the acid, and the filtrate slowly evaporated; when crystal- 
lisation takes place quickly from hot solutions, the salt is deposited 
in lustrous plates; it is readily soluble in water, alcohol, and 
acetone. 

Magnesium camphorsulphonate, prepared in a similar manner, crys- 
tallises from water in colourless, lustrous plates, or in peculiar cauli- 
flower-like masses ; it dissolves freely in alcohol. 


Sulphonic Derivatives of Bromocamphor. 


‘Preparation of bromocamphor.—The best method of preparing 
bromocamphor is, without doubt, that described by Armstrong and 
Matthews (Chem. News, 1878, 3'7, 4), as it has the advantage of 
being very simple in operation and of affording a good yield of pure 
product ; it seems, nevertheless, to have been overlooked by all sub- 
sequent workers in this field. The following are the details of the 
process :—Powdered camphor, in quantities of about 150 grams, is 
placed in a large flask, heated on a water-bath, and a little bromine 
gradually added from a stoppered funnel; the mass soon liquefies, 
forming an almost colourless oil, hydrogen bromide being rapidly 
evolved; as soon as the evolution of ‘gas slackens, more bromine is 
added, the process being continued until the theoretical quantity 
(160 grams) of halogen has been employed. During bromination 
we frequently observed the formation of a readily volatile substance, 
which sublimes into the neck of the flask, and is there deposited in 
light orange needles ; this compound rapidly liquefies on exposure to 
‘the air, and is probably identical with Laurent’s “bromure de 
camphre,” CyH.OBr, (Gerhardt, Traité de Chimie Org., 3, 696), 
which was investigated by Swarts (L’Institut, 1862, 63), As soon 
as bromiuation is complete, the contents of the flask are poured into a 
large volume of water, the almost colourless solid product separated by 
filtration, washed with water, and crystallised from boiling methylated 
spirit ; two crystallisations generally give pure bromocamphor, melt- 
ing at 74°; the immediate yield usually amounts to about 180 grams, 
and further quantities can be obtained from the mother’ liquors. 
The character of the residual oily substance will be considered on & 
subsequent occasion, 
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Sulphonation of Bromocamphor with Anhydrosulphuric acid. 


Bromocamphor readily dissolves in 10 per cent. anhydrosulphuric 
acid with slight development of heat, giving an amber-coloured solu- 
tion of bromocamphorsulphonic acid ; salphonation occurs without any 
appreciable charring, and on pouring the solution into water no separa- 
tion of bromocampbor is observed. In preparing large quantities of 
the sulphonic acid, pure bromocamphor (100 grams) is treated with 
five times its weight of 10 per cent. anhydrosulphuric acid, and after 
a few minutes the solution is poured on to ice; after diluting with 
water, the solution is neutralised with calcium carbonate and milk 
of lime, the calcium sulphate separated by filtration, and the filtrate 
treated with sodium carbonate as long as a precipitate is produced ; 
the solution of the sodium salt is evaporated, any calcium sulphate 
which is deposited during the process being separated, and the syrupy 
residue is then heated in an air-bath at 130—135°, until it is trans- 
formed into a brown, friable, hygroscopic mass, similar in appearance 
to the crude sodium salt of camphorsulphonic acid. The. yield of 
crude anhydrous salt is about 100 grams. 

For obvious reasons, we made no attempt to obtain bromocamphor- 
sulphonic acid from the crude calcium or sodium salt, but proceeded 
at once to the preparation of the sulphonic chloride. When the crude 
anhydrous sodium salt is triturated with phosphoras pentachloride, as 
described in the preparation of camphorsulphonic chloride, a dark 
pasty mass results, and on pouring this product on to powdered ice, 
the bromosulphonic chloride separates in the form of sticky, dirty 
grey clots. After stirring well, the mixture is transferred to a sepa- 
rating funnel, and shaken two or three times with a considerable 
quantity of chloroform; the chloroform extract is then well washed 
with small quantities of water, dried with calcium chloride, filtered, 
and evaporated; the residue is a thick, dark brown or black vil, the 
weight of which is, on the average, about 40 per cent. of the crude 
sodium salt employed. 


Bromocamphorsulphonic Chioride, CioHyOBr-SO,Cl. 


After a very short time the crude oily sulphonic chloride begins 
to solidify, and slowly changes into a dark brown, semi-solid mass, 
which contains a large proportion of crystalline substance. The pure 
sulphonic chloride is very easily isolated; on repeatedly washing thy 
tarry mass with small quantities of dry ether, the oily and tarry 
matters are, to a great extent, removed, and a brown crystalline 
substance remains ; the latter is obtained in large, well-defined, trans- 
parent crystals, by repeated crystallisation from hot chloroform. . 
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Analyses of the purified compound showed it to be bromocamphor. 
sulphonic chloride ; lead chromate was used for the combustions, a 
silver spiral being placed at the front of the tube; the chlorine and 
bromine were estimated together by Carius’ method, and the sulphuric 
acid in the filtrate from the silver salts was determined by precipita. 
tion with barium nitrate. 


I. 0°1622 gave 0°2171 CO, and.0:0661 H,0. 

Il. 01633 ,, 0-2157CO, ,, 0-0631 H,0. 
IIT. 02024 ,, 0-2036 Ag(CIBr) and 0:1438 BaSQ,. 
1V. 0:2298 ,, 0:2337 Ag(CIBr) ,, 01609 BaSQ,. 
V. 01912 ,, 0:1905 Ag(CIBr). 


Found. 
Ruse 


Calculated for i 
C,oH,,OBr-SO,Cl. I. II. Ill. IV. 


C.... 3642p.c 3650 3602 — — 
are 4532 492 — — 
Buss 


B ncce — 976 964 
Cl+Br 35°03 . _ — 3505 3552 34°72 ,, 


Bromocamphorsulphonic chloride, prepared from the product of 
the action of anhydrosulphburic acid on bromocamphor, separates frum 
cold chloroform in magnificent, transparent octahedra, and from hot 
alcohol in small, well-defined crystals, apparently of the same form 
as those obtained from chloroform. It melts at 136—137° without 
visible decomposition, but at higher temperatures it slowly decom- 
poses, a large quantity of gas being evolved. It is very readily solu- 
ble in hot chloroform, glacial acetic acid, benzene, and acetone; it 
also dissolves freely in these liquids at the ordinary temperature, but 
is much less readily soluble in ether, and only very sparingly in 
cold light petroleum boiling at 80—90°. It is rather slowly hydro- 
lysed by boiling water, but when warmed with moderately concen- 
trated potash, it is almost immediately attacked, yielding potassium 
chloride and potassium bromocamphorsulphonate; quantitative ex- 
periments showed that, after acidifying with nitric acid, the chlorine 
which is precipitated on adding silver nitrate is 10°89 per cent. of 
the sulphonic chloride employed, theory demanding 10°74 per cent. 

Bromocamphorsulphonic chloride is a very stable substance; it 
can be crystallised from a hot glacial acetic acid solution of chromic 
acid; when a small quantity is dissolved in hot concentrated nitric 
acid, the solution boiled for a few minutes and then poured into cold 
water, practically the whole of the sulphonic chloride is precipitated 
unchanged. 

The sulphonic chloride is optically active. For the determination 
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of its specific rotatory power, we dissolved 1°3714 grams of the pure 
substance in chloroform and made the solution up to 25 c.c.; the 
observations were made at 14°; 1 = 20 cm. The rotatory power 
a») was found to be +14° 23’ as the average of 17 readings, all lying 
within 4’ of the mean; the specific rotatory power is, therefore, [a ]p 
= +131°. Observations of the rotatory power made with the rays 
Lia and Tla showed that the dispersion was very large, but the 
measurements were not very concordant, owing to the feeble illumina- 
tion. 

The crystals deposited from a chloroform solution belong to the 
orthorhombic system, Fig. 7, the pinacoid c{001} being normal to a 
bisectrix. The dome forms r{101}, r'{201}, q{011}, and g'{021} are 
generally the largest present, but give rather poor reflections on the 
goniometer, owing to the faces being somewhat uneven in character ; 
this is, perhaps, to be attributed to the great solubility of the sub- 
stance in the solvent employed. The pinacoids a{100} and b{010} 
are not always developed ; they are very small and give indifferent 
images. The basal plane is also. frequently absent, but is sometimes of 
considerable size and then gives very good reflections. The pyramid 
o{11l} is generally well developed and yields good measurements. 
The form k{221} is seldom observed, but when present it is very 
bright and gives good images. In the case of a particularly well 
formed crystal which exhibited nearly all the other forms, the 


Fie. 7. 


pyramid {221} showed only one-half the full number of faces; these 
were (221), (221), (221), and (221); this, however, was probably 
only fortuitous, such a selection of the faces of this form not accord- 
ing with the hemihedrism of the orthorhombic system. 

Although the substance shows circular polarisation in solution, the 
crystals do not seem to be hemihedral ; this is, however, by no means 
@ unique vase, as ordinary camphor, menthol, and patchouli camphor 
do not crystallise in hemihedral forms. Pyroelectricity could not 
be detected, and attempts to obtain corrosion figures, which so fre- 
quently indicate hemihedral structure, by etching the faces of large 
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erystals with ether or chloroform, were unsuccessful. The crystals 
exhibit no definite cleavage, but on rapid heating, tend to split up 
along surfaces approximately parallel to the basal plane c{V01}; the 
fracture is, however, very conchoidal. 


Crystalline System: Orthorhombic. 
@:b:c = 1°0518: 1: 08912, 


. Forms present :— 
a... {100} .... coPoo 
b .... {010} .... coPoo 
C woe {O01} .... oP 
r see {101} .... Poo 
r .oee° {201} .... 2Poo 
q «s+ {O11} .... Poo 
q' ...- {021} .... 2Pco 
O seoe {LT} 6 P 
p sees {110} .... ooP 
k .... {221} .... 2P 


The following angular measurements were obtained :— 


No. of obser 
vations. Limits, Mean. Calculated, 
30° 16’— 30° 31’ 80° 24’ 30° 33’ 
‘ 1— 19 20 * 19 8 ll 
58 — 41 40 
_45 —:60 59 27 
38 — 49 49 
46 — 61 
47— 19 
57 — 42 
4— 61 
1— 59 
3— 5l 
42— 17 
4— 61 
57 — 34 
6— 68 
48 — 32 
10— 64 
28— 57 
21— 56 
49— 78 
34— 38 
49 — 37 
18 —104 104 
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Sulphonation of Bromocamphor with Chlorosulphonic acid. 


The bromocamphorsulphonic chloride, prepared in the above-men- 
tioned manner, showed so great a tendency to assume a crystalline form, 
and separated from solvents in such beautiful, colourless crystals, that 
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it seemed difficult to believe it to be identical with the substance ob- 
tained by Marsh and Cousins from the product of the action of chioro- 
sulphonic acid on bromocamphor, and described by them (loc. cit.) as 
a “black, semi-crystalline solid.” It was, therefore, with considerable 
interest that we undertook a repetition of Marsh and Cousins’ experi- 
ments, thinking it possible that we might obtain an isomeride of the 
sulphonic chloride described above. 

Following the directions given by Marsh and Cousins, we dis- 
solved pure bromocamphor (82 grams) in pure chloroform (164 
grams) in a flask provided with a reflux condenser fitted with a 
calcium chloride drying tube, and added freshly-distilled chloro- 
sulphonic acid (82 grams), boiling at 154—158", to the solution from 
a tap-funnel fitting into the cork of the flask. The solution, which 
became slightly warm and gave off a little hydrogen chloride, was 
then heated on a water-bath for abont nine hours, at the end of which 
time the evolution of gas was practically over, and the solution, pre- 
viously homogeneous, had. separated into two layers; a considerable 
quantity of a crystalline substance, which was, doubtless, the sulph- 
onic acid, was frequeutly deposited during this process, but it was 
not found advantageous to separate it. 

When cold, the contents of the flask were slowly poured on to 
powdered ice, the chloroform solution separated with the aid of a 
funnel, and the aqueous solution extracted twice with chloroform ; 
the combined chloroform solutions were washed with water, dried with 
calcium chloride, and the chloroform evaporated, when a thick, dark 
yellow oil remained. This residue, according to Marsh and Cousins 
(loc. cit., p. 971), is “ nearly all a-bromocamphorsulphonic chloride, 
together with an insignifivant amount of unaltered bromocamphor,”’ 
but the grounds on which this statement is based are not mentioned ; 
the oil we obtained showed no signs of crystallising when agitated 
with a crystal of the pure sulphonic chloride already described, and 
remained liquid even after keeping for many weeks; we have not 
yet examined it very carefully, but from its behaviour we should in- 
fer that it contains a relatively small proportion of bromocamphor- 
sulphonic chloride. 

The aqueous solution of the sulphonic acid, which had been ex- 
tracted with chloroform, was neutralised with barium carbonate, the 
filtrate treated with the necessary quantity of sudium carbonate, and 
the clear, yellowish-brown solution of the sodium salt evaporated tu 
a syrup on the water-bath; this residue was then’ dried at 130—-140°, 
until it became‘crisp and friable, reduced to a powder, and treated 
with phosphorus pentachloride in the usual manner, the theoretical 
quantity of the latter being used. 

The dark pasty or liqui: mass was slowly poured on to. powdered 
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ice, and the crnde sulphonic chloride, which separated in grey clots, 
extracted by shaking the mixture two or three times with chloro- 
form ; finally, the chloroform extract was dried with calcium chloride, 
filtered, and evaporated. The crude sulphonic chloride thus pre. 
pared was a thick oil, rather lighter in colour than that obtained by 
the first process we employed ; the yield was about 70 grams. After 
a short time, the oil began to crystallise, and gradually solidified to a 
dark brown mass, in which, after long kceping, a considerable quan- 
tity of oily impurity was still present; the semi-solid product was 
stirred with a little dry ether, the mixture filtered on the pump, and 
the residue purified by washing with ether and recrystallising from 
hot chloroform. 

The pure bromocamphorsulphonic chloride prepared in this way 
melted at 136—137°, and crystallised from cold chloroform in large, 
transparent octahedra; the analyses of this preparation gave the 
following results. 


I. 01771 gave 0°1768 Ag(Cl,Br) and 0°1237 BaSO,. 
I]. 02070 = ,, 0°2065 Ag(Cl,Br). 
Found. 
Calculated for -—oh 
C,)9H,,OBr-SO,Cl. I, Il. 
Cl + Br...... 35°03 p.c. 34°81 34°76 p. c. 
i abith bee aante 973 ,, 9°59 -— i“ 


The bromocamphorsulphonic chloride obtained from the product 
of the action of anhydrosulphuric acid on bromocamphor was identical 
with the compound produced by the method employed by Marsh 
and Cousins; the identity of the two preparations was proved by 
the ordinary methods of examination, and also by the following 
crystallographic measurements :— 


No. of obser- 
Angle. vations. Limits. Mean. Calculated, 
: 101 ll 39° 58’—40° 40° 28’ 40° 17’ 
: 201 60 47—6L 6l 9 6l 5 
: 20L 18 52—19 19 12 19 il 
: Oll 49 56—4l 41 33 41 42 
: O2T 58 10—59 58 53 58 35 
: O21 18 47—19 19 4 19 O 
:1ll 50 21 —5l 50 47 50 53 
:111 32 4—32 32 25 32 19 


A number of other angles were measured, but the crystallo- 
graphic identity of the samples prepared by the two methods 
is sufficiently obvious. The calculated values are taken from the 
table on page 580, as the measurements made on the sulphonic 
chloride prepared from the anhydrosulphuric acid prodnct were 
much the more namerous, and consequently the more accurate. 
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_ The quantity of pure bromocamphorsalphonic chloride which is 
obtained from the crude product by the above method of purification 
is-only small, amounting on the average to about 40 per cent.; the 
ethereal washiugs give, on evaporation, a dark oil, from which only 
small quantities of the crystalline substance are deposited on keeping. 
We have not yet examined this oily bye-product, so that at present 
its composition is a matter of conjecture; since, however, Marsh and 
Cousins’ analysis, which appears to have been made with a sample 
of their “ black, sémi-crystalline solid,” gave results* agreeing very 
closely with those required by the pure sulphonic chloride, it would 
seem that the oily bye-product contains the same percentage of 
halogens, and is, therefore, possibly an isomeride. 


Bromocamphorsulphonamide, C\oH,,OBr-SO,'N H;. 


When pure, finely-divided bromocamphorsulphonic chloride is 
gradually added to a cold, saturated alcoholic solution of ammonia, 
a slight development of heat occurs, and the chloride dissolves with 
separation of ammonium chloride, the solution remaining colourless. 
When, after the lapse of about 12 hours, the ammonium chloride ig 
separated by filtration and the filtrate evaporated to dryness on the 
water-bath, a semi-solid, very sticky, almost colourless mass is obtained ; 
on washing this residue with chloroform, a thick, yellowish oil, which 
we have not examined, passes into solution, a colourless, crystalline 
powder remaining. Bromocamphorsulphonamide can be easily ob- 
tained in a pure condition by recrystallising this powder from boiling 
water; as, however, the yield is poor, probably owing to the forma- 
tion of ammonium salt as well as to that of the oily substance, in 
preparing larger quantities of the amide we adopted a method similar 
to that made use of in the case of camphorsulphonamide, and pro- 
ceeded as follows :— 

The powdered sulphonic chloride, in quantities of about 5 grams, 
was treated with about 50 c.c. of concentrated aqueous ammonia in 
a stoppered bottle at the ordinary temperature, and the mixture was 
shaken at intervals during about two days; at the end of this time 
the powder had tu a great extent dissolved, and even the portions 
which had not passed into solution seemed to be free from sulphonic 
chloride. The contents of the bottle were now transferred to a basin, 


* There is evidently some mistake in the numbers given by Marsh and Cousins ; 
the weight of the mixed chloride and bromide of silver obtained from the given 
quantity of substance corresponds with 12-98 per cent. of chlorine and 29°33 per 
cent. of bromine, and not with 10°70 per cent. and 24°11 per cent. respectively, as 
stated ; we assume, of course, that the substance analysed contained equivalent 
quantities of the two halogecs. 
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and, after 24 hours’ exposure to the air, the precipitated amide was 
separated by filtration ; the crade product, nearly 4 grams, seemed to 
be practically pure. 

Analyses of samples which had been recrystallised from boiling 
water and dried at 105—110° gave the following results, 

I. 0°1672 gave 0°2362 CO, and 0°0863 H,0. 

II. 01676 ,, 02374 CO, and 0-0820 H,0. 

TIT. 02062 ,, 01235 AgBr and 0°1528 BaSQ,, 

IV. 01872 ,, 80Oc.c. N, at 18° and 755 mm. 


Found. 


Calculated for 
C, oH, ,OBr-SO,-NH,. I. Il. 
38°71 p. c. 38°53 38°63 
516, 5°73 
25°80 


Bromocamphorsulphonamide crystallises from boiling water in 
long, colourless, lustrous needles, and from cold alcohol in compact, 
transparent prisms; it melts at 145°, It is readily soluble in hot 
alcohol, but only moderately easily in boiling water, and sparingly in 
benzene and chloroform ; it seems to dissolve far more readily in a con- 
centrated aqueous solution of ammonia than in water. 

The preparation of this amide has been previously attempted by 
Marsh and Cousins, but they obtained it in a very impure condition, as 
it is described as “a brown, viscid oil” (Joc. cit., p. 974). 

In measuring the rotatory power of the amide, we dissolved 2 2978 
grams of substance in alcohol, and diluted to 50 c.c.; t= 11°,J= 
4dm. The average of several concordant observations gare ap = 
+20° 4’, so that [2]p = +112-4°, 


Bromocamphorsulphonic acid, CyH,OBr-SO,H. 


This sulphonic acid is most conveniently prepared in a pure condi- 
tion by hydrolysing the pure sulphonic chloride with boiling water as 
described in the case of camphorsulphonic acid (p. 573). No visible 
change takes place for some time on boiling the finely-divided crystal- 
line powder with water, but, after about half an hour, the quantity of 
solid becomes visibly smaller, and on continued boiling the sulphonic 
chloride gradually disappears; the crystals do not liquefy. 

The aqueous solution is then evaporated on the water bath, the 
residue taken up with yleohol, and the process repeated until a por- 
tion of the syrup gives no precipitate with a solution of silver 
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fitrate; care has to be taken that the first two or three evaporations 
are not carried too far, otherwise the solution turns yellow or brown, 
as is the case in the preparation of camphorsulphonic acid, and prob- 
ably from the same cause. When the solution is found to be free 
from hydrochloric acid, it is evaporated once more with water to 
expel the alcohol, and then placed over sulphuric acid to crystallise. 

According to Marsh and Cousins (loc. cit., p. 974), bromocamphor- 
sulphonic chloride “‘ is remarkably stable towards water, and is not 
completely converted into acid, even after prolonged boiling with it ;” 
we found that 7 grams of the pure, not very finely powdered, sub- 
stance were completely hydrolysed after about two hours’ boiling 
with 50 c.c. of distilled water. 

When the concentrated aqueous solution of the sulphonic acid is 
kept over sulphuric acid, it gradually solidifies to a mass of trans- 
parent crystals which deliquesce in moist air; crystals are also occa- 
sionally deposited when the aqueous solution is evaporated in the 
air at the ordinary temperature, but only in very dry weather, and 
they disappear again when the atmosphere becomes damp. Crystals 
of the acid which have been kept for some time on porous earthen- 
ware over sulphuric acid melt at about 195—196°, apparently 
decomposing, when slowly heated from about 20°; when they are 
quickly heated to 165°, they melt with effervescence, due doubtless to 
the escape of water vapour, and then immediately solidify, melting 
for the second time at 195—196°; when quickly heated to 155°, they 
do not melt until the temperature rises to 195—196°. These obser- 
vations seem to show tbat the hydrated acid melts at about 
155—165°, losing water, the partially or completely dehydrated acid 
at 195—196°. 

Bromocamphorsulphonic acid crystallises from water in trans- 
parent, tetragonal pyramids which frequently measure 4—5 mm. in 
the greatest dimension (see Fig. 8). 


Fie. 8, 


Forms present ; 


Scie Tas sn I ts Donsnaltllilcnnn Mitte 


Crystalline System: Tetragonal. 
; - a:e>l1- ~ 
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The faces present on the crystals are always much corroded and- 
pitted, owing, apparently, to re-solution by the mother liquor; the 
larger of the two pinacoid faces is always striated parallel to its 
edges in the manner indicated io the figure. The crystals generally 
grow point downwards in the solution, and this fact may account for 
the appearance of only one-half of the dome {101} faces; this may, 
however, be due to hemimorphism. On a microscope slide the sub. 
stance crystallises in thin, square plates which frequently have two 
opposite corners of the larger pinacoid face cut off by another form, 
probably {110}. There is a perfect cleavage parallel to c{001}, 
through which form the optic axis is visible, the double refraction 
being fairly strong. 

No goniometric measurenients could be made owing to the imper- 
fect nature of the crystals, and to the fact that they are somewhat 
hygroscopic. 

Crystals of the acid which had been freed from adherent water by 
pressure between folds of bibulous paper slowly and continuously 
lost weight during about four weeks when kept over sulphuric acid, 
and then did not undergo any further change in weight when heated 
at 100°; the loss amounted to very nearly 16 per cent. 

Bromecamphorsulphonic acid is very readily soluble in water and 
in alcohol; its aqueous solution has a strongly acid reaction to 
litmus, and a sour, very astringent, rather bitter taste. 

This acid was prepared by Marsh and Cousins (loc. cit., p. 971), 
who described it as “a black, tarry mass . . . which solidified on 
standing over sulphuric acid in a vacuum ;” we can confirm Marsh 
and Cousins’ observations regarding the solvent action of an aqueous 
solution of the acid; both zinc and magnesium are readily acted on, 
especially on warming, gas being evolved. 

The acid is optically active; for the determination of its rotatory 
power, we employed a sample of the crystalline substance which had 

*been kept over sulphuric acid until its weight became constant. 
0°6443 gram of substance was dissolved in water, the solution 
made up to 25 c.c., and examined at 14° in a 20 cm. tube; the rota- 
tion was found to be ap = +4° 33’ as the average of eight con- 
cordant observations, from which [a]p = +88°27°. ‘This value may, 
possibly, be incorrect, because it was afterwards found that the 
aquecus solution of the acid had attacked the brass tube which was 
employed in the determination ; as, however, the rotation was taken 
a few minutes after the solution was put into the tube, and did not 
undergo any appreciable change after keeping for about 15 hours, we 
did not think it necessary to repeat the observations, especially as we 
were not quite sure that the sample of acid taken was anhydrous. 
Several salts of brumocamphorsulphonic acid were prepared by 
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neutralising the aqueous solution, obtained in the manner described 
above, with alkalis or alkali carbonates; in all cases we observed 
the formation of a slight brown turbidity on boiling the neutral 
solutions, but after this had been separated by filtration, colourless 
solutions, from which no further precipitation took place, were 
obtained. The salts all crystallise well and, with the exception 
of the ammonium salt, all those we examined contain watec of erys- 
tallisation; as the wholly or partially dehydrated salts are hygro- 
scopic, the analyses were almost invariably made with samples which 
had been exposed to the air until approximately constant in weight, 
portions of the same samples being taken at the same time for the 
rotatory power determinations. The hydrated salts, like those of 
camphorsulphonic acid, are rather sensitive to change in the hygro- 
metric condition of the atmosphere, and undergo slight alterations in 
weight from day to day even aftér many weeks exposure to the air. 

Ammonium bromocamphorsulphonate, C,H,OBrSO,ONH,, .seems 
to be less soluble in water than any of the other salts examined; an 
air-dried sample of the salt lost only 0-14 per cent. in weight when 
heated at 100°, and gave on analysis results agreeing with those 
required by the anhydrous compound. 


02054 gave 01162 AgBr. Br = 24-09. 
Calculated, Br = 24°38 per cent. 


It separates from its cold aqueous solution in colourless, trans 
parent, flattened prisms having the lustre of calcite, Fig. 10 (p. 588), 
and often attaining a length of several centimetres. The crystals are 
very brittle, breaking readily across their length and exhibiting a 
conchoidal fracture; there is a very good cleavage parallel to the 
pinacoid a{100}, the normal to which is a bisectrix, probably the 
obtuse one. Prisms showing both ends well developed are but 
rarely obtained, the crystals tending to grow in clusters from a 
common centre, one end being, therefore, imperfect. The pinacoids 
a{100} and c{001}, together with the. prism r{101}, are faintly 
striated in the direction of the axis b. The other forms are never 
striated, but all the faces except a(100) give very poor reflections, 
owing partly to their bad development and partly to their small size. 
The substance being optically active in solution, evidence of hemi- 
hedral structure was naturally looked for, and it Was found that the 
crystals were hemimorphic, the forms p{110} and q{011} on the one 
end of the prism being replaced by p’{210} and q'{okl}, where k > l, 
at the other end. The two latter forms are badly developed, and the 
form q'{okl} is so poor in character that measurements cannot be 
obtained from it ; it is in all probability {021}. 

Complete confirmation of the hemimorphic nature of the crystals 

VOL. LXII, 258 


588 KIPPING AND POPE: 


was obtained by an examination of their pyroelectrical properties, 
which are strongly marked, and may be readily shown by Kundt’s 
method, in the following manner :—A crystal plate, supported on a 
piece of paper or a microscope slide, is warmed over a Bunsen 
burner; the heated plate is then placed on a piece of cork and lightly 
dusted over with an electrified mixture of red lead and sulphur, such 
as is used for the preparation of the so-called Lichtenberg’s figures, 
The powder being projected from a rubber bellows-shaped vessel, the 
nozzle of which contains a piece of gauze, its two constituents become 
oppositely electrified by friction in the orifice. The red lead attaches 
itself to the negatively electrified end of the crystal plate, whilst the 
sulphur adheres to the positively charged end, the thickness of the 
layer increasing from the centre towards the ends, as shown in Fig. 9; 


Fre. 9, 


on subsequently examining the plate under the microscope, the positive 
and negative ends are recognised by their different colours. On 
dusting the powder on to the plate during cooling, the end of the 
erystals showing the forms p{110} and q{011} becomes yellow, owing 
to. the sulphur being drawn to it, whilst the other end assumes the 
red coiour of the lead oxide. The pyroelectrical axis is, therefore, 
identical with the geometrical axis b; according to the nomenclature 
proposed by Rose, the end at which the forms p{110} and q{01]} 
tuppear is the antilogous pole, while the end showing p'{210} and 
q {oki} is the analogous pole. 


Fie. 10. 
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The following crystallographic data were obtained :—- 


Crystalline System: Monosymmetric: Hemimorphic. 
a:b:¢ = 19155: 1: 10252. 
|B = 74° 37’. 
Forms observed : 


a.... {100} .... ocPeo 
Cases {O01} .... oP 
ree {101} .... —Boo 
@occe 104]} .20- Res 
q'.... {okl}.... mRoo 
p.--. {110}.... oP 
pee. {210} .... coP2 


No. of 
Angle. observations. Limits. 
100 : 17 11’— 51° 30’ 
101: 12 3 41— 24 43 
19 13—106 50 
54— 79 43 
566—101 6 
16— 45 21 
45— 90 41 
26— 45 43 
22— 58 25 
3— 50 2 
2—130 57 
8— 62 54 
53 — 57 58 
50— 72 49 
12—108 25 
387— 42 54 
46— 95 37 
7— 83 12 17 


mb 
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Ammonium bromocamphorsulphonate shows circular polarisation 
in solution. For the rotatory power determination, 1°1500 grams of 
the salt, dried at 100°, were dissolved in water, the solution made up 
to 25 ¢.c., and examined at 9° in a 20 cm. tube; the mean of eight 
concordant readings gave 2p = +7°48', from which [a@]p = +84°78°, 
a result which is in fair agreement with that obtained by Marsh and 
Cousins. 

Sodium bromocamphorsulphonate, C\p$H,,OBr-SO,,ONa + 5H,0, crys- 
tallises from cold water in large, thin, rectangular plates, sometimes 
as much as 10 mm. in length. The crystals are very brittle, and, as 
ordinarily obtained, show interference colours of high orders in 
polarised light. The large face is a bisectrix, and the optic axes 
emerge just ontside the microscope field, as shown in Fig. 11. The 
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extinction is parallel to the sides of the plate, so that the crystals 
probably belong to the orthorhombic system. 


Fre. 11. 


He 


Analyses of various samples of the air-dried salt gave the following 
results. 


I. 0°2931 lost 0°0624 at 135°, and gave 0°0471 Na,SO,. 
IT. 08658 ,, 0°1865 at 135—140°. 
0°2583 gave 0°0443 Na,SO,. 
JIT, 0°9251 lost 0°1961 at 1835—140°. 


Found. 
Calculated for cr ~ ~ 
CoH ,OBr-SO,Na + 5H,O. I. II. Ill. 
H.O......666  2128p.c 21:29 2154 21-19 p.c. 
Na eeeeeeeeee 5°44 ” 521 5°56 — 


Our analyses, like those of Marsh and Cousins, show that the salt: 
contains 5 mols. H,O; we cannot, however, confirm Marsh and 
Cousins’ statement, that the salt retains 1 mol. H,O at 100°. When 
heated at this temperature, it first loses weight very rapidly, but after 
some time the expulsion of the water takes place only very slowly, 
doubtless owing to the fact that the salt melts to a vitreous mass; on 
prolonged heating at 100°, it loses about 20°6 per cent., and even then 
is not quite constant in weight. 

For the rotatory power determination, 1:0326 grams of the air-dried 
salt were dissolved in water, and the solution made up to 25 c.c.; 
‘t=9°, l= 20 cm. The average of the observations gave 2= 
+5° 13’, so that the specific rotatory power of the hydrated salt is 
[2]p = +63°1°, that of the anhydrous salt [a]p = +80°2°. The 
latter value appears to agree fairly well with that given by Marsh 
and Cousins, namely, [a]p = +76°4°.* 

Barium bromocamphorsulphonate, (CyH,OBr-SO,'0),Ba + 5}H,0, 
is very readily soluble in water, and could not be obtained in well- 
defined crystals, as the highly concentrated aqueous solutions 
gradually change to a colourless mass of a buttery consistency, which, 
however, becomes hard and crisp when spread on porous earthen- 
ware. Analyses of the air-dried salt gave the following results. 


* The value for the anhydrous salt, calculated from Marsh and Cousins’ dats, 
is, however, [a]p = +88°53°, not 76°4°, so that the actual disagreement is com 


siderable, 
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I. 05675 salt lost 0°0656 at 140°. 
0°1653 salt gave 0°0447 BaSQ,. 
II. 04699 salt lost 0°0551 at 135°. 
0°2553 salt gave 0°0677 BaSQ,. 


oe oe Found. 
alculated for —_-—_, 
(C,\oH,,OBr-SO,),.Ba + 53H,0. {. IL. 


. 11°56 11°73 
15°89 15°59 


To determine its rotation, we dissolved 1°4732 grams of the air- . 
dried salt in water, and diluted to 25 ¢.c.; t= 9°, 1 = 20 cm.; ap 
was found to be +7° 34’ as the mean of eight concordant readings, 
so that the specific rotatory power of the hydrated salt is [a]p= 
+64°23°, and of the anhydrous salt [¢]p = +72°5°. 

Potassium bromocamphorsulphonate, CyH,OBr'SO,,OK + 14$H,0, 
separates from cold water in large, flat, colourless, transparent plates, 
of the shape shown in Fig. 12, The faces are much broken up by 


Fie. 12. 


striee, hence no measurements could be made. When the salt is quickly 
deposited from its aqueous solution, an hour-glass-shaped structure is 
often seen inside the crystal; the angle of the rhomb is about 60°, 
and is bisected by the extinction; the large face is normal to a bi- 
‘sectrix. The edges of the plate are replaced by pyramid faces, and 
there is an imperfect cleavage parallel to the sides. 

The hydrated crystals are stable in the air, but effloresce at 100°, 
and also when kept over sulphuric acid; the salt is very readily solu- 
ble in water and in hot alcohol. 

Analyses of the substance gave the following results. 


0°3433 air-dried salt lost 0°0248 at 130°. H,O = 7:22. 
0'2826 salt dried at 135° gave 0°0686 K,SO,. K = 10°88. 
CyH,OBr-SO;K + 1$H,0 requires H,O = 7°18 per cent, 
C,oH,,OBr-SO;K requires K = 11°18 per cent. 


In measuring the rotatory power, a sample of the air-dried salt was 
employed, 1°2303 grams being dissolved in water, the solution made 
up to 25c.c., and examined at 10° in a 200 mm. tube. The averaye 
of eight concordant observatiors gave 2p) = +/7° 2’, from which the 
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specific rotatory power is calculated to be [2]p = +71°44° ; that of 
the anhydrous salt is, therefore, [a]p = +76°96°. 

Zine bromocamphorsulphonate is easily prepared by dissolving the 
metal in an aqueous solution of the acid. It separates from its cold, 
aqueous solution, in six-sided, colourless, transparent plates, which 
frequently attain a length of 5—10 mm.; the crystals do not change 
in appearance at 100°, but melt with effervescence when heated on 
platinum in a Bunsen flame. On microscopic examination, the plates 
are seen to be striated with fine lines running parallel to the edges, 
and to consist of six twin fragments, as shown in Fig. 13; the 
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individual twinned pieces can be readily distinguished by examina- 
tion in polarised light. Each twin fragment shows a biaxial figure 
of moderately large angle; the interference figure, however, is com- 
plicated by further twinning on the plane of the large face, as is 
shown by the absence of definite extinction in any of the six divisions 
of the crystals. The complete crystal would, therefore, seem to be 
built up of twelve individuals. The dispersion is strong, and the 
erystals are highly refractive. 

* Magnesium bromocamphorsulphonate, like the zinc salt, can be readily 
obtained by dissolving the metal in an aqueous solution of the acid; 
it separates in colourless, lustrous plates on concentrating the solu- 
tion, and is readily soluble in water. 

Tithium bromocamphorsulphonate can be prepared by saturating an 
aqueous solution of the acid with lithium carbonate. On filtering 
and evaporating the solution, a colourless mass, consisting of minute 
needles, is obtained. The salt is readily soluble in water, and seems 
to contain 2 mols. H,O, as is shown by the following analysis. 


0°5504 gram of substance lost 0°0550 gram at 135°. H,O = 10-0. 
CyH,OBrSO,OLi + 2H,0 requires H,O = 10:2 per cent. 


It will be seen from the above account of the salts of bromocamphor- 
sulphonic acid that Marsh and Cousins’ description of their properties 
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is entirely misleading; the dehydrated salts are, no doubt, highly 
hygroscopic and difficult to deal with, bat they do not liquefy on 
exposure to the air. “As to their capability or not of crystallising,” 
the only general conclusion to be drawn is that they all crystallise 


readily. 
Sulphonic Derivatives of Chlorocamphor. 


The study of the compounds obtained from bromocamphor having 
shown that the halogen substitution products of camphor, as well as 
camphor itself, are readily converted into well-defined, crystalline 
sulphonic derivatives, we should not have thought it necessary to 
carry out a similar investigation in the case of chlorocamphor had it 
not been for the recent work of Marsh and Cousins (loc. cit.). Their 
account of the sulphonic derivatives of chlorocamphor, when viewed 
in the light of our experience with the corresponding bromo-deriva- 
tives, seemed, however, to give such a wrong impression of the 
character of these compounds, that we thought it advisable to submit 
them to a fresh and extended investigation. 

Preparation of chlorocamphor.—ln preparing this substance, we 
followed Cazeneuve’s directions (Compt. rend., 94, 1530), except that 
we employed dehydrated methylated spirit instead of absolute alcohol, 
and found it to answer almost as well as the more costly solvent; the 
following is a brief description of the process :— 

Chlorine is passed into 500 grams of dehydrated methylated spirit 
containing 1000 grams of powdered camphor in suspensicn, the stream 
of gas being regulated so that but little hydrogea chloride escapes; after 
rather more than the theoretical weight of chlorine has been absorbed, 
the solution is poured into a large volume of water and the mixture 
kept for aday or two. During this time the semi-solid precipitate 
becomes considerably harder, and can be more easily dealt with; it is 
then freed, as fur as possible, from hydrochloric acid by weshing with 
water. If the product be now crystallised from alcohol, it is deposited 
as a camphor-like substance from which pure chlorocamphor is ob- 
tained only with difficulty ; it is therefore boiled for some hours with 
alcoholic potash (500 grams of methylated spirit containing 100 grams 
of potash), the brown solution poured into water, the crude product 
Separated by filtration, washed with water, and crystallised from 
methylated spirit ; the first crystallisation gives a somewhat camphor- 
like substance, but, on recrystuallising, pure chlorocamphor is ob- 
tained in long, hard, brittle prisms. The crude product separated 
from the solution in alcoholic potash is about 80 per cent. by weight 
of the camphor employed, but a further quantity may be obtained 
from the mother liquors. Cazeneuve gives the melting point of 
chlorocamphor as 83—84°, but according to our observations, the pure 


594 3 KIPPING AND POPE: 


substance melts sharply at 93°5°; Balbiano (Gazzetta, 17, 96) found 
the melting point to be 92—92°5°. 

Sulphonation of chlorocamphor.—As we have not studied the action 
of anhydrosulphurie acid on chlorocamphor, and have hitherto only 
prepared small quantities of chlorocamphorsulphonic acid by sulph- 
onating with chlorosulphonic acid in chloroform solution, it will be 
unnecessary to enter into the details of the process ; the sulphonation 
and the subsequent preparation of the crade sodium salt were carried 
out substantially as described in the case of bromocamphor, and one 
point only seems to require notice, namely, that we frequently ob- 
served the separation of a considerable quantity of a crystalline sub- 
stance during sulphonation. An examination of the properties of this 
product left little doubt that it was the sulphonic acid, but, being 
deliquescent and difficult to’ purify, it was not separated from the 
solution. The yield of crude sodium salt dried at 130° was usually 
about 65 grams from 50 grams of chlorocamphor. 


Chlorocamphorsulphonic Chloride, CyH,O-SO,Cl. 


The preparation of this compound from the crade sodium salt, by 
treating the latter with phosphorus pentachloride in the manner pre- - 
viously described, can be accomplished without difficulty; as in the 
case of the bromosulphonic chloride, the pasty or liquid product is 
poured on to powdered ice, the mixture stirred well, transferred to a 
separating funnel, and extracted with chloroform. The chloroform 
solution is then washed several times with smull quantities of water, 
dried with calcium chloride, and the chloroform distilled from a 
water-bath. The yield of crade product is about one-half by weight 
of the sodium salt used. 

The yellow or brown oil obtained in this way begins to crystallise 
after some time, bat even on long standing it does not solidify com- 
pletely; in some cases, apparently, when sulphonation has been 
carried too far, the crude sulphonic chloride is nearly black, and 
gradually changes to a pasty, tarry mass which is difficult to deal 
with. The “a-chlorocamphorsulphonic chloride,” described by Marsh 
and Cousins as a “ microcrystalline, black solid,” was evidently a 
product of this kind, so that the result of their chlorine determina- 
tion, which gave approximately the theoretical numbers, seems, «s in 
the case of the crude bromocamphorsulphonic chloride, to indicate 
the presence of isomerides of the crystalline substance. 

The pure compound can be easily isolated by washing the semi- 
solid mass on the pump with a little ether and crystallising the 
residue two or three times from a mixtnre of chloroform and ether, 
but we have not yet sufficiently investigated the matter to be able to 


THE SULPHONIC DERIVATIVES OF CAMPHOR. 595 


give a good method of purification. The process just mentioned is 
very rapid, but apparently a considerable proportion of the crystal- 
line substance is dissolved during the washing with ether, and is not 
easily recovered from the oily mother liquors; the method of ex- 
tracting with light petroleum, described in the case of camphor- 
sulphonic chloride, was tried, but without much success, owing to the 
slight solubility of the chlorosulphonie chloride. 

The following analyses were made with samples of the colourless 
crystalline compound prepared in this way. 


0'1637 gave 02516 CO, and 0:0743 H,0. C = 4192; H= 5-04. 
01947 ,, 0°:1950 AgCl and 0°1610 BaSO,. Cl = 24°74; S = 11°35. 
CyH,O-SO,Cl requires C = 42°14; H = 4°91; Cl = 2485; S = 11°24. 


Chlorocamphorsulphonic chloride resembles the corresponding 
bromo-derivative, not only in the readiness with which it crystallises, 
bat also in most of its properties. It separates from cold chloroform 
in magnificent, colourless octahedra, which are fully described below ; 
it is deposited from a mixture of ether and light petroleum in long, 
prismatic needles, and from ether containing a little chloroform in 
transparent crystals which seem to retain some of the solvent, since 
they become opaque when heated at 100°. It melts at 123—124°, 
and decomposes when strongly heated, with evolution of very irritat- 
ing vapours. It is readily soluble in cold chloroform, ether, glacial 
acetic acid, and ethyl acetate, but only sparingly in boiling petroleum 
(b. p. 80—90°), from which it separates almost completely on cooling. 
It seems to be insoluble in boiling water, by which it is hydrolysed 
rather slowly ; it is, however, readily acted on by hot potash, with 
formation of potassium chloride and the potassium salt of chloro- 
camphorsulphonice acid. 

Chlorocamphorsulphonic chloride exhibits circular polarisation in 
solution, its specific rotatory power being almost as high as that of 
the corresponding bromo-derivative. The following observations 
were made with a solution prepared by dissolving 2 grams of the 
pure substauce in chloroform and diluting to 50 c.c. with the same 
solvent ; 1 = 400 mm.; ¢ = 7°. 


a; = +16° 20', whence [2],; +102°0° 
G@xy,= +17 41 [@]va= +1105 
ay = +23 26 [a]n = +1465 


The observations made with the rays Lie and Tla are only ap- 
proximate, the dificalty of obtaining monochromatic light, and the 
fact that no screen can be used as with Nae, rendering it impossible 
to accurately ascertain the rotation with an ordinary polariscope. 

The crystals separating from chloroform solution are magni- 
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ficent, colourless and transparent octahedra, Fig. 14, indistinguish- 
able by mere inspection from those of the corresponding bromo- 
sulphonic choride. Like the latter, they belong to the orthorhombic 
system, the optic axes emerging almost normally to the form 
q'{021}; the optic axial angle is hence about 59°. The description 
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given above of the habit of the bromosulphonic chloride serves also 


for the chloro-compound, the most considerable difference being that, 
in the crystals of the latter, the zone a:c{100:001] gives rather 
more concordant measurements; the physical properties of both 
kinds of crystals are very similar. No hemihedrism could be detected. 


Crystalline System: Orthorhombic. 
a:b:¢ = 10494: 1 : 08795. 


Forms observed : 


. coPoo 
.e2 COP 
jour 
... Poo 
... 2Poo 
... Poo 
... 2Poo 
pes. 

- oP 


~ 


RBormR 8 8 6 
. . 2. “SS 


The angular measurements are given on the next page. 

The crystallographic properties of chlorocamphorsulphonic chloride 
clearly show the great chemical relationship which this substance 
bears to the bromosulphonic chloride. Hemihedrism, which is rarely 
absent from crystalline substances exhibiting circular polarisation in 
the liquid state, was not observed in the case of the crystals of either 
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No. of 
obser- 
Angle. vations. Limits. Mean. Calculated. 
= 100: 4 30° 26’— 31° 30° 41’ 30° 49’ 
= 201: 14 54— 19 12 19 13 
= 001: 32 10— 40 —_ 
= 601: 15 41 — 59 59 11 
= 201: 8 59— 62 61 38 
= JO1: 6 14— 80 79 56 
= 021: 9 21— 19 19 3 
= 001: 27 36 — 42 — 
= 001 : 12 47 — 60 60 23 
= 021: 21 34— 59 69 14 
001 : 7 58 — 50 50 32 
101 : 48 — 35 33 59 
111: 41 — 68 67 58 
78 55 
38 28 
39 36 52 
104 51 104 40 


wo 
-s 


SSRESSE uo VERE 
tone SSaShetos 


6— 38 
4— 37 
37 —104 


=]11; 
d 111: 


6 
5 

111: 5 49— 79 
4 

0g + 

rq’ = 201: 3 


oO 
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of the sulphonic chlorides. The axial ratio a:b is, moreover, ncarly 
the same in both cases. 


Cy»H,OBr-SO,Cl 20: = 1:0518 : 1 : 0°8912 
C,.H,,OC1-SO,Cl :e = 1:0494: 1: 08795 


The prism angle 100: 110, which is a function of the ratio a: b, has 
the following values :— 


C,»H,,OBr-SO,.Cl. Tris? , 100 $ 110 = 46° 27’ 
C,oH,,OCI-SO,Cl 100 : 110 = 46 23 


The small difference between these angles, namely, 4’, is probably 
within the limits of experimental error. The lengths of the c-axis, 
however, differ pretty considerably in the two cases, the angles con- 
necting the axes b and c having the following values :— 


C,oH,,0OBr-SO,Cl 001 : O11 = 41° 42’ 
C,H ,.OCI1-SO,Cl 001: 011 = 41 20 


The conclusion is, therefore, arrived at that on substituting chlorine 
for bromine in bromocamphorsulphonic chloride the relative lengths 
of the axes a and b remain practically unaltered whilst the c-axis 
decreases in length. A slight alteration in crystallographic dimen- 
sions of course frequently attends a change of the halogen in crystal- 
line substances, but morphotropic relations between compounds of 
the same type are seldom so well marked as in the series of di- 
derivatives of camphor crystallographically examined by Zepharovich, 
Cazeneuve, and Morel. These compounds have the axial ratios given 
below, and it will be seen that, as in the case of the sulphonic chlor- 
ides here described, the ratio a: b is almost constant, whilst the c-axis 
undergoes considerable alteration in length. 
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C,.H,,0Br, >:b:c¢ = 07925: 1 : 05143 
C,.H,OBrCi :b:c¢ = 08040: 1 : 0°5228 
C,,H,OCL :b6:e = 0°8074: 1: 05448 


Chlorocamphorsulphonamide, C,H,OCI-SO,-NH2. 


Finely divided chlorocamphorsulphonic chloride is readily acted 
on by concentrated aqueous ammonia at the ordinary temperature, 
being converted into a well-defined crystalline amide, with slight 
evolution of heat; when a comparatively small quantity of ammonia 
is employed, only partial solution occurs, most of the powder caking 
together to a pasty mass which afterwards becomes crystalline and 
brittle, After three or four hours, the mixture having been occa- 
sionally shaken, the ammonia is allowed to evaporate spontaneously, 
during which process the dissolved amide is deposited in colourless 
needles ; as soon as the solution smells only slightly of ammonia, the 
amide is separated by filtration, washed with a little cold water, and 
dried in the air. 

For the following analyses we employed a preparation which had 
been recrystallised from boiling water and dried at 100°. 


01687 gave 0°2778 CO, and 0°0943 H,O. C = 4491; H = 6:20. 
02208 , 01192 AgCl. Cl = 13°33. 
C\oH,,OC1-SO,NH, requires C = 45°22; H = 6:03; Cl = 13°34 p.c. 


Chlorocamphorsulphonamide crystallises from boiling water in 
long, flat, colourless needles, melting at 149°5—150°5°; it is 
moderately easily soluble in hot alcohol, but only very sparingly in 
boiling chloroform, and almost insoluble in boiling light petroleum ; 
it is much more readily soluble in cold, concentrated ammonia 
than in cold water. It crystallises from warm alcohol in trans- 
parent plates or prisms forming fern-like masses ; these crystals 
seem to contain alcohol, as they become opaque when heated at 100”, 
frothing up and melting to a turbid liquid at about 149°; on heating 
to about 175°, the liquid becomes clear, and after solidification melts 
sharply at 149°5—150°5°. The amide is optically active in solution; 
for the rotatory power determination 2°5328 grams of substance were 
dissolved in absolate alcohol, and the solution made up to 50 c.c.; 
l= 400 mm.,¢ = 11°. The rotation was ap = 18° 16'; the specific 
rotatory power is therefore [a]p = +90°16°. 

When the amide separates slowly from a cold alcoholic solution, * 
is deposited in small, hexagonal crystals, Fig. 15; these are at first 
quite colourless and transparent, but on removal from the solution 
they immediately begin to turn opaque and after a short time the 
faces become very dull. The transparent crystals were rapidly dried 
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with filter paper and examined as quickly as possible. The measure- 
ments obtained indicated that the crystals belonged to the hexagonal 
system ; owing, however, to their very brittle and unstable character, 
this could not be confirmed by grinding a section parallel to the 


Fie, 15. 


basal plane and examining the interference figure. The extinctions 
in all the faces of the forms 0{1011} and o{4041} were in the direc- 
tion of the c-axis. The rhombohedra o{1011} and o’{4041} were 
generally large, whilst the forms c{0001}, m{1010}, and o'{2021} 
were frequently absent, and, as a rule, small. The rapidity with 
which the crystals efforesced rendered it very difficult to obtain good 
images ; owing to this fact and to the lack of confirmatory evidence, 
the hexagonal character of the crystals cannot be regarded as fully 
established. No cleavage was observed. 


Crystalline System : Hexagonal. 
a:c=1:0°917. 
Forms observed : 
.eee {OU0]} .... oR 

{1011} .... +R 
. +2R 
. +4R 
.-. ooR. 


The following angular measurements were obtained :— 


No. of obser- 
Angle. vations. Limits. Mean. Calculated. 
oo” = 4041 : 4041 19 34° 4’— 35° 56’ 84° 57’ — 
oo” = 1011 : 4041 12 33 59— 85 46 34 43 34° 4 
oo = 4041: 1011 4 109 27—111 42 110 35 110 59 
oo = 4041 : 1011 1 _ 69 17 69 1 


Chlorocamphorsulphonic acid, C,.H,,0ClSO,H. 


For the preparation of this acid, we adopted the method which had 
been found to give such satisfactory results in previous cases, the 
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pure, finely-divided sulphonic chloride being boiled with a small 
quantity of water until complete solution ensued; it seemed t> he 
rather more readily hydrolysed than the corresponding bromo-com- 
pound, and, like the latter, did not liquefy, even towards the end of 
the operation. The solution was freed from hydrochloric acid by re- 
peated evaporation with alcohol, the same precautions as before being 
taken to avoid decomposition of the acid by the hydrochloric acid. 
The yellowish, syrupy solution of the acid prepared in this way 
began to crystallise on evaporation at 100°, and soon became semi- 
solid, but, on exposure to the air at the ordinary temperature, the 
mixture rapidly liquefied ; the acid is, in fact, more hygroscopic than 
the corresponding bromo-derivative, and, for this reason, it was not 
analysed. 

A portion of the crystalline substance which had been kept over 
sulphuric acid on porous earthenware for two days seemed still to 
contain water of crystallisation; it melted, but apparently not com- 
pletely, at about 125°, at the same time frothing up considerably, 
owing, doubtless, to the escape of water vapour. After it had been 
heated to abont 190° and then allowed to solidify, it melted at about 
185°, which is probably, therefore, the melting point of the anhydrous 
acid, 

When the syrupy aqueous solution is slowly evaporated over sulph- 
uric acid, large, flat plates, several millimetres in length, are de- 
posited ; these crystals are colourless and transparent, and their faces 
are covered with strie. They seem to be rectangular in shape, but 
the ends are usually rounded, as if re-solution had occurred. Examin- 
ation in convergent polarised light shows that the crystals belong 
to one of the biaxial systems, the large, tabular face being a bisectrix 
the optic axes emerge just at the edges of the microscope field. 

It will be seen that these crystals are not similar to those of the 
corresponding bromo-acid, the latter crystallising in the tetragonal 
system, which is uniaxial ; this is probably due to a difference in the 
degree of hydration of the two acids. 

The crystalline acid is very readily soluble in alcohol ; its aqueous 
solution turns blue litmus red, and has a sour taste. In a neutral 
solution of the ammonium salt, ferric chloride produces no precipitate, 
but, on warming, the solution becomes reddish-brown, this colour 
disappearing on cooling; the lead, tin, mercuric, copper, and siiver 
salts of the sulphonic acid are readily soluble, because, even in con- 
centrated solutions of the ammonium salt, solutions of the salts of 
these metals produce no precipitation. 

Salts of chlorocamphorsulphonic acid.—All the following salts were 
‘prepared from portions of the sulphonic acid which had been repeat- 
“edly evaporated with alcohol until free from hydrogen chloride; 4s 
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the methods of preparation have been already described in the case 
of other acids, details may be advantageously omitted. It may, how- 
ever, be stated that the formation of a slight brown, flocculent preci- 
pitate on boiling the solution of the acid after neutralisation, was 
invariably observed; after filtration, the colourless solutions were 
concentrated on the water-bath, and allowed to cool. The salts were 
deposited on keeping for some time, and were dried on biscuit-ware 
in the air; like many of the salts of the other acids, some of them 
did not become constant in weight, even after prolonged keeping. 

Ammonium chlorocamphorsulphonate, CyH,OCISO,ONH, is a 
colourless, crystalline compound, and dissolves freely in water, alcohol, 
and acetone, although it appears to be less readily soluble than the 
other salts examined. According to Marsh and Cousins, it blackens 
and decomposes at 200°; our preparation underwent no visible change 
when heated at 215° for a short time in a capillary tube, but it melted 
and then decomposed when heated on a platinum spatula in the 
Bunsen flame. 

The trausparent prisms or prismatic needles which are deposited on 
slowly crystallising an aqueous solution of this salt at the ordinary 
temperature are easily obtained a centimetre or so in length, and 
greatly resemble the crystals of ammonium bromocamphorsulphonate ; 
they are very brittle, and have a glassy lustre. The form a{100} is 
generally the largest present, and its faces give good images; as in 
the case of the ammonium salt of the vromo-acid, the forms in the 
zone [a, h] are lightly striated in the direction of the c-axis. The 
form r{101}, though usually small, and the prism r'{201}, which is, 
in most cases, larger, give good measurements. The form q{011} 
is very well developed and brilliant, but the forms p{110} and 
p'{210} are generally poor in character, and do not give good measure- 
ments. The pinacoid c{001} is usually small, but gives fairly sharp 
images. . 

Fie. 15. 


The crystals are hemimorphic. At one end of the prism Appear 
the forms p{110} and p'{210}, and at the other g{011} and -Abioy 
ne or more of these forms is frequently absent, and in no‘ case, 
were the two forms p{110} and g{011} seen on the same or on 
both ends of the crystal, So far as the number of fdebs ex- 
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hibited is concerned, the form p'{210} seems to be unaffected by 
the hemimorphism. The crystals are very irregularly developed, 
faces of the same form seldom being even approximately equal in 
point of size. So symmetrically developed a crystal as that. repre- 
sented in Fig. 15 was never met with; frequently the blunt end of 
the crystal shows only the form p{110}, and one or other of the 
remaining forms, with the exception of those which lie parallel to the 
b-axis, is often absent. 

The pinacoid a{100} is normal to a bisectrix, probably the obtuse 
one; there is a good cleavage parallel to this form. 

As would be expected from their hemimorphic nature and their 
great similarity to the crystals of the ammonium salt of bromocam- 
phorsulphonic acid, these crystals become strongly pyroelectric when 
heated. On warming a crystal and then dusting it with the electri- 
fied mixture of red lead and sulphur during cooling, the pointed end 
becomes red, owing to the lead oxide adhering to it, whilst the square 
end of the plate assumes the yellow colour of the sulphur particles 
which are attracted. 


Crystalline System: Monosymmetric. Hemimorphic. 
a:6:c = 19260: 1: 1°0471. 
B = 74° 56’. 
Forms observed : 


@ seveee {100} ...... coPco 


The following angular measurem: nts were obtained. 


No. of obser- 

Angle. vations. Limits. Mean. Calculated. 
ar’ = 100: 21 48° 17’— 50° 28’ 49° 25’ _ 
re = 201: 12 54 47 — 55 55 33 55° 39° 
ac = 100: 2 74 5— 75 75 (1 74 56 
ar = 100: 49 38— 50 50 12 50 14 
er = 001: 24 6— 25 24 44 24 42 

78 47-- 79 56 79 28 
54 100 100 29 
39 — 45 45 19 
42 — 0 89 22 
15 — 62 61 44 

3— 56 56 26 
27— 18 18 44 
22— 43 42 51 
49— 94. 94 16 
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As will be seen from the axial relations given below, this salt and 
the ammonium salt of bromocamphorsulphonic acid are very similar 
in crystalline form. 

C,H,OBrSO,ONH,. a:6:c¢ = 19155: 1: 10252. B= 74° 37’. 
CyH,OCI-SO,-ON Hy, a: b 7:e=> 1:9260 : l : 1°0471. B = 74° 56" 

Potassium chlorocamphorsulphonate, CyH,OCISO,OK + 4H,0, 
crystallises from cold water in colourless, bifurcated needles, and is 
readily soluble in alcohol and acetone, but apparently insoluble in 
ether; the air-dried salt was analysed. 


0°6417 lost 0°0009 at 100°, and 0°0124 between 100° and 145°. 

0'2528 yave 0°0600 K,SQ,. 

H.O in salt dried at 100° = 19°35; K in air-dried salt = 10° 64, 
CyH,OCISO,,0K + 4H,0 requires H,O = 19:18; K = 10°34 p. c. 


It would seem, therefore, that the salt does not lose any of its water 
of crystallisation at 100°. 

Barium chlorocamphorsulphonate, (CiHyOCISO,°0),Ba + 5$H,0, 
like the barium salt of the bromo-acid, does not form very well- 
defined crystals, but separates from its concentrated aqueous solution 
in colourless, felted masses ; it is readily soluble in water and alcohol. 
The analyses were made with the air-dried salt. 


05875 lost 00640 at 100° and 0°0768 at 135—140°. 

0°3627 gave 0°1094 BaSQ,. 

H,0 at 100° = 10°89, at 140° = 13:07; Ba = 17°74, 
(C\yH,OCI-SO,),Ba + 54H,0 requires H,O = 12°89; Ba = 17°86 p.c. 


The salt becomes constant in weight at 100°, at which temperature 
it seems to lose 43 mols. H,O; it turns brown at 150—160°. 

The rotatory power of the air-dried salt was measured by dissolving 
10407 grams in water, diluting to 50 c.c., and examining it in a 
400 mm. tube at 10°. The mean of eight good observations gave 
%» = +3° 54’, so that the specific rotation of the salt was about [a]p 
= +46°8°. 

Sodium chlorocamphorsulphonate, CyoHyOCI'SO,.-ONa + 5H,0, sepa- 
rates from cold water in concentrically grouped needles, and is readily 
solable in alcohol, but apparently insoluble in ether; the air-dried 
salt was analysed. 


I. 0°3925 lost 0°0972 at 130°. H,O = 24°76. 
0°1664 gave 0°0310 Na,SO,. Na = 6°03. 
IT. 1:1284 lost 0°2779 at 145°. H,O = 246. 
CwH,OCI-SO,ONa + 5H,0 requires H,O = 23°81; Na = 6-08 p. . 


The salt melts in its water of crystallisation when heated to 100°, 
and the last traces of water are expelled with difficulty, even at 135°. 
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The rotatory power of the salt was determined with an air-dried 
preparation containing 24°6 per cent. of water, 10052 grams being 
dissolved in water, the solution diluted to 50 c.c. and examined at 10° 
in a 400 mm. tube; the rotation was ap = +3° 52’, so that the specific 
rotatory power of the anhydrous salt was about [a]p = +64’. 


Chemical Department, 
City and Guilds of London Central Institution. 
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tion, and to which it is perhaps desirable te refer briefly, owing to a 
certain amount of chemical interest attached to it. 

When the primary fermentation process is completed, and the beer 
is racked into casks, it has been customary in some localities to add 
to the finished beer a small quantity of dry hops, the effect of which 
is very marked in several ways. As to the direct influence of these 
hops on the clarification of the beer, nothing need be said here, nor is 
it necessary to refer to their antiseptie action. There is, however, 
another strongly marked effect which has been generally recognised 
for generations, but has never, up to the present time, received any 
adequate explanation. We refer to the secondary fermentation, which 
is undoubtedly hastened by the addition of these hops. It is 
altogether unnecessary for us to give any details of the investigation 
which led us to a true explanation of this effect, as we have recently 
treated of it at length elsewhere (Trans. Institute of Brewing, 1893, 
6, 94104), but we may briefly state that the results of the technical 
process alluded to were found to depend on the presence in the hop- 
strobiles of a small but very appreciable amount of a diastase, 
sufficient to slowly hydrolyse the non-erystallisable products of 
starch-transformation left in the beer, and to reduce them to a con- 
dition in which they can be seized upon and fermented by the yeast. 

The interesting question now arose whether this occurrence of 
diastase in the hop-strobile is an isolated case, or is a special example 
of a widely distributed property of vegetable tissue. 

An examination of all the published facts relating to the occurrence 
of diastase in plants revealed a curious number of conflicting statements 
from which it was impossible to draw any conclusion without further 
investigation. This investigation it was considered desirable to 
make, as the subject is closely connected with some of our previous 
work, and is of the first importance for a proper understanding of 
many problems presented by vegetable physiology. 

As the work progressed we found ourselves carried by degrees 
into all the vexed questions connected with the first formation of 
starch in the foliage-leaf, the mode of its dissolution and transloca- 
tion in the plant, and the nature of the intermediate products. In 
such an investigation it is impossible to draw a line beyond which 
one will not advance, as the subject is a never-ending one, but as we 
found ourselves being urged along lines of research somewhat 
divergent from those we have marked out for ourselves during 
the last few years, we considered it better no longer to delay 
the publication of our results, which, though in many respécts 
incomplete, we think will not prove to be devoid of interest both to 
the chemist and vegetable physiologist. 

In the following historical résumé we give, in as short a space as 
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possible, an account of the more important work of previous ob- 
servers, in so far as it is necessary for the understanding of that, 
which follows, The student who desires to fully acquaint himself 
with the voluminous literature of the subject is referred to the com. 
plete list of original memoirs given in the bibliography at the end of 
this paper. 

References in the text to the original papers are made through the 
serial numbers of this bibliographical list. 


2. Historical. 


It is to the year 1837 that we have to refer the first recorded ob. 
servation of the occurrence of starch-granules as inclusions in the 
chlorophyll-bodies of green plants. In that year, von Mohl (1) pub- 
lished his epoch-makiag dissertation on the structure of the chloro- 
phyll-granules, in which for the first time he distinguished the 
inclusions in those bodies from the actual substance of the chlorophyll- 
granule itself; Small starch-granules were frequently, but not in- 
variably, observed within the chlorophyll-body, and these were found 
to be capable of being differentiated from the ground-mass in which 
they were embedded by means of iodine. | 

Sixteen years afterwards, in 1853-54, these observations were con- 
firmed by C. Cramer, whose results are quoted by C. Niigeli, at 
p. 399 of his great work, Die Stiérkekérner (5), but we have been 
nuable to obtain the full reference to these papers. 

Nigeli himself also gives in the same monograph his own observa- 
tions in this direction, and has appended drawings of starch-grains 
included in the chloroplasts of leaves of Begonia and Nephrolepis 
exaltata. 

In 1866, the subject was independently investigated by J. A. 
Béhm (4), and in the following year by A. Gris (3). Both these 
observers recognise the correctness of previous observations, and 
Béhm employs for the first time the now well-known method of 
detecting minute starch-granules by successive treatment of the 
tissue with caustic potash and iodine. He also noticed that there 
are certain plants, e.g., Asphodelus luteus, Allium fistulosum, and 
Orchis militaris, whose chloroplasts are incapable of forming starch 
within their substance. 

So far all the more recent observations had distinctly shown that 
the starch-granule is a product of the chloroplast, and that the view 
which had been promulgated by Mulder, that the chloroplast is the 
child of the starch-granule, is untenable. Although, however, it 
was recognised that the occurrence of starch in the chloroplasts was 
a secondary phenomenon, it does not appear to have been suspected 
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‘that there was any very distinct relation between this starch and the 
processes of assimilation. It was left to Sachs to take this great step 
in advance. In 1862, he published (6) his important memoir dealing 
with the influence of light on the production of starch in the chloro- 
phyll-granule, and two years later this was followed by another 
paper (7) on the subject. Sachs here clearly establishes the im- 
portant fact that the appearance of starch in the chlorophyll- 
granule is induced by, and is dependent on, the action of light of 
sufficient intensity, and that the green colouring-matter of the chloro- 
plast is as essential to the prodaction of this autoehthonous starch as 
it is for the decomposition of carbon dioxide, for the decolourised 
chloroplasts of an etiolated plant have not the power, as long as they 
remain colourless, to produce starch within their substance. Sachs 
in fact, for the first time clearly formulates the proposition that the 
production of starch in the ehlorophyll-granule is directly connected 
with assimilation. He, moreover, shows that when plants are put in 
the dark the starch disappears from their chloroplasts, to reappear 
again when the plants are once more illuminated. These facts, he 
rightly considers, are fraught with the weightiest consequences for 
the theory of assimilation, as they indicate a daily periodic change in 
green leaves, the starch which is formed in the chloroplasts during the 
hours of daylight being wholly or partially redissolved and removed 
from the leaf during the night, to supply the constant demands of 
the growing parts of the plant. 

These ideas, as we shall see later on, were elaborated and expanded 
still further in a later paper by Sachs.. 

In 1873, further important contributions were made to the subject 
by Godlewski (11) and by Pfeffer (10), who proved in experiments 
on Raphanus sativus and cress, that when the plants were placed in air 
entirely deprived of carbon dioxide,.i.e., in an atmosphere in which 
no assimilation could take place, no starch was formed in the chloro- 
plasts, even when the plants were exposed to intense light. 
Godlewski moreover found that previously-formed starch completely 
disappeared from the chloroplasts under these conditions, and, on the 
other hand, that starch-formation within these bodies could be 
materially accelerated by increasing, within certain limits, the 
amount of carbon dioxide in the air around the plant. 

These results strengthened to a remarkable extent the earlier ideas 
of Sachs, that the formation of autochthonous starch and assimilation 
go hand in hand. 

A little later, J. A. Bohm (12), (18), (14) gave a very necessary 
caution against considering all starch which occurs in the chloro- 
plasts of green tissue as the immediate product of assimilation, i.¢., 
autochthonous. He found, when experimenting with seedlings of 
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Raphanus sativus, Lepidium sativum, and Phaseolus multiforus, still 
containing a certain amount of the reserve material of the seed 
within their tissues, that a decided transfer of some of these materials 
could be traced to the chloroplasts of the leaf, where there was a 
distinct production of starch, and that this took place both under 
conditions of feeble light-intensity and also in the entire absence of 
carbon dioxide, thus disposing of the possibility of the starch produc- 
tion being due to assimilation. He concludes that the formation of 
starch in chlorophyll-granules is, in many cases, the result of a 
metamorphosis of bodies not intrinsic to the cells in which the accu- 
mulation takes place, and that in such cases the starch owes its 
origin to materials elaborated by the plant elsewhere. 

In 1880 a flood of light was thrown upon this subject by Schimper 
(20), who, in this year, published the results of his classical work 
upon the development of the starch-granule in plants. 

Commencing with a very complete study of the mode of formation 
of starch in the special organs of assimilation, the chlorophyll-bodies, 
he confirmed, in many respects, the observations of the earlier 
workers, and carried our knowledge a step further by indicating how 
closely the shape of the starch-granule is dependent upon the shape 
of the chlorophyll-body which gives rise to it, and upon the position 
it occupies with regard to the chlorophyll-body during its develop- 
ment. But it is in his stady of the growth of the starch-grains 
within those parts of the plant which contain little or no chlorophyll 
that Schimper makes his most original and important observatious. 
He finds that in all parts of the plant in which starch is being 
deposited, either as reserve- or transitory-starch, the starch-granules 
in process of development are not surrounded immediately by ordin- 
ary protoplasm, but are contained in, or attached to, peculiar refran- 
gible corpuscles, which are spherical or spindle-shaped. These are 
the “Stdrkebildner,” the starch-forming corpuscles or amyloplasts, 
which are causally related to the deposition of the starch-granules in 
the non-chlorophyllous parts of the plant, just as are the chlorophyll 
bodies, on the other hand, in the green assimilating cells. The 
amyloplasts are, in fact, the starch-forming organs of the cells which 
do not assimilate. 

The point which is of greatest importance to us in this work of 
Schimper’s at the present moment is the close analogy which he 
points out as existing between the amyloplasts and the chloroplasts as 
regards structure, development, and starch-producing function. It 
is, in fact, more than a mere analogy, for Schimper observed that 
amyloplasts may, under favourable conditions of light, be actually 
converted into chlorophyll-corpuscles capable of assimilating in the 
usual manner, and that, in fact, this conversion takes place normally 
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and regularly in the development of a plant organ.‘ Schimper also 
attempted to determine if true chlorophyll-corpuscles are capable of 
forming starch out of ready-formed and assimilated materials. This 
is perhaps the least satisfactory portion of this important memoir. He 
approached the question by instituting the following experiment. A 
root-stock of Tradescantia rubella was kept in the dark until the 
large starch-grains had disappeared from the chlorophyll-corpuscles of 
the mesophyll; it was then exposed to light of sufficient intensity to 
effect the re-formation of normal chlorophyll-corpuscles without pro- 
ducing starch within them by the assimilative process. It was found 
that the chlorophyll-corpuscles of the bundle-sheaths of the leaves 
and of the parenchyma of the stem had been able to form starch at 
the expense of the general reserve-materials of the root-stock, but 
that the chloroplasts of the mesophyll had not been able to elaborate 
any starch from the same store. From this Schimper concludes that 
although some chloroplasts, like those of the parenchyma of the stem 
and of the vascular bundles of the leaves, have the power of producing 
starch from ready-formed substances, such is not the case with the 
chloroplasts of the spongy and palisade parenchyma of the mesophyli, 
which is only able to produce its starch by assimilation from the 
atmosphere. * 

This one supposed difference of function between the chloroplasts 
of the leaf-parenchyma and the erdinary colourless amyloplasts was 
completely disposed of by the direct experiments of Bohm (30) in 
1883, and a little later by those of A. Meyer (34 and 38). Both 
these observers found that leaf-parenchyma which has been fully 
depleted of starch will again form starch readily in the chloroplasts 
when the tissue is bathed with solutions of certain sugars. These 
observations have been frequently repeated by others, and we have, 
on many occasions, satisfied ourselves of their accuracy. We must 
therefore conclude that, as far as starch-formation is concerned, the 
chloroplasts-of the mesophyll do not differ from the amyloplasts of 
the non-chlorophyllous parts of the plant as regards formation of 
starch from ready-formed sugars. The necessity for emphasising this 
important fact will be evident when, in a later part of this paper, we 
have to consider the mechanism of the dissolution and translocation 
of autochthonous starch. 

In the year 1884, Sachs published his memorable paper “ Ein 
Beitrag zur Kentniss der Ernahrungsthitigkeit der Blatter” (32), 
which must be regarded as a sequel to his papers of 1862 and 1864, te 
which reference has been already made. This paper considerably 

* We must here not omit to mention the work of Dehnecke (19), “ Ueber nicht 
assimilirende Chlorophyllkérner,” which appeared as &n Inaugural Dissertat:on ia 
_ the same year in which Schimper’s paper was published. adua yd 
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‘advanced our knowledge of the process of starch-formation in the 
chloroplasts of leaves, and threw much new light upon the conditions 
which :govern the disappearance of this assimilated starch when it 
contributes to the normal metabolic processes of the plant. The im- 
portance of the paper is so great that we must consider it somewhat at 
length, especially as it has a very direct bearing upon our own work. 

In order to form an estimate of the periodic variations in the 
amount of starch when the leaves are placed under various conditions, 
Sachs devised the following macroscopical method :— 

The leaf was first immersed for a few minutes iu boiling water, 
then completely decolourised with alcohol, and afterwards treated 
with a dilute iodine solution, the amount of starch present being 
judged by the intensity of the colouration produced in the leaf. 

The varying amount of starch in the same leaf at different times of 
the day was estimated by applying this method to longitudinal strips 
eut from the leaf at intervals. The results so obtained not only 
confirmed in a remarkable manner the earlier observations of Sachs, 
that the starch formed in the leaf-chlorophyll under the influence of 
light disappears again in the dark or in deep shade, but also clearly 
showed that in plants grown under ordinary natural conditions the 
leaves during the night hours are rapidly depleted of the starch: 
which they have accumulated during the day, the chlorophy!!-bodies 
of the leaf tissue again elaborating starch with the return of day- 
light. The influence of sunlight and temperature on these periodic 
changes was also worked out, and it was shown that the rapidity of 
the disappearance of starch from the leaf during the night is a fune- 
tion of the temperature. For instance, with a night temperature of 
9° C., leaves of Helianthus, Solanum, Datura, Atropa, and A?sculus 
were quite depleted of starch, whereas, under the same conditions, the 
leaves of Phaseolus, Ampelopsis, and Aristolochia were not fully 
depleted. As regards formation of starch during the day, this 
increases with the insolation and the temperature, so that, generally 
speaking, in clear weather during the summer the leaves which are 
poor in starch before mid-day are rich in it during the afternoon, and 
in the evening contain so much starch as to give a black metallic 
lustre with the iodine test. In order to form some idea of the actual 
weight of starch produced or lost by a leaf under these varying 
conditions, the variation in dry weight of a defimite area of the leaf 
was determined. For this purpose it was necessary to employ plants 
having large leaves, such as Helianthus annuus, Cucurbita Pepo, or 
Rheum officinale. With the help of thin templates of board, rect- 
angular pieces, having an area of 100 or 50 sq. cm., were cut from 
the half leaves under experiment. These pieces of leaf were first killed 
by submitting them to the action of steam for four or five minutes, in 
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‘order to avoid subsequent loss by respiration, and were then dried 
and weighed. From the dry weight of equal areas from the other 
halves of the leaves, submitted to the requisite conditions, the loss or 
gain in weight per square metre of leaf-surface was determined, and 
as this increase or deficiency was found to be correlative with the 
jndications of the iodine test, the differences were attributed to the 
Joss or gain of starch by the leaf. The following are some of the 
results which Sachs obtained by this method :— . 


Helianthus annuus. 
Grams of 


starch. 
A. Loss per square metre of leaf in 10 hours of the night 9°64 
Loss per hour per 8q. M..eseeeseceeeceeces 0°964 
B. Gain per square metre of leaf in 10 hours of the day 9% 
Gain per hour per sq. m... 


Cucurbita Pepo. 


Gain per sq. m. in 3 hours of the day.. 
” » per hour....ceseee 


Rheum officinale. 
Gain per sq. m. in 5 hours of the day 
” » per hour ........ 


When similar experiments were made by the insolation of plucked 
leaves, the petioles of which were immersed in water, the increase of 
weight was very much greater than when the leaf remained attached 
to the plant. This Sachs attributes to the assimilated starch accu- 
mulating in the leaf, owing to its products of dissolution not being 
able to flow cut of the leaf into the stem. Under these conditions he 
found in Helianthus an increase of leaf-weight equal to 1°648 grams 
of starch per hour. As, however, we have reason to believe that 
under-normal conditions depletion of the leaf through the petiole is 
going on simultaneously with the process of assimilation, the results 
tabulated abuve do not give in themselves a just idea of the total 
rate of assimilation. If we know the mean loss per hour during the 
24 hours, the total assimilation woald be approximately arrived at by 
adding this mean loss of weight, due to passage of materials ont of 
the leaf, to the gain per hour during the day. Sachs has determined 
the loss per hour during the night, when no assimilation is going on, 
bat justly remarks that there is good reason to believe the rate of 
loss by translocation during the day is somewhat greater than this, 
owing to the higher temperature ; so that if we add the loss per hour 
during the night to the gain per hour during the day, we shall obtain 
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a result which will be somewhat, but not much, less than the true 
weight of the starch assimilated each hour of the day per square 
metre of leaf surface. In this way, Sachs found that the leaf of 
Helianthus assimilates about 1°8 grams, and that of Cucurbita about 
1°5 grams, of starch per square metre per hour. This result agrees 
very well with those obtained by the insolation of plucked leaves, 
when the translocation of assimilated material is necessarily pre- 
vented. 

By «a further application of the method, and by measuring the 
total leaf-area of two experimental plants growing under very favour- 
able conditions, Sachs found that, in a day of 15 hours, a Helianthus 
plant with 145 leaves of all sizes, and with a total leaf-area of 
15 sq. m., assimilated 36 grams; whilst a large Cucurbita plant 
having a leaf-area of 73 sq. m. assimilated 185 grams in the same 
time. 

To the portion of this important paper dealing with the mechanism 
of the dissolution of leaf-starch, and its translocation, we shall have 
occasion to refer more fully when we discuss the nature of the 
products of starch-dissolution, and their wandering within the plant. 

Arthur Meyer, in 1885 (34), in ani elaborate and suggestive paper 
on the assimilation-products of foliage-leaves, records the examina- 
tion of a great number of plants for leaf-starch, using for the first 
time chloral hydrate and iodine as a microchemical test. As a 
general result, Meyer states that the dicotyledons store starch pleuti- 
fully in their leaves, and the monocotyledons less so. 

The relative ability of dicotyledons to produce leaf-starch is shown 
in a tabular form, the conclusions being based upon observations on 
from three to 20 species of each Natural Order. 

Amongst monocotyledons, the Graminee, generally speaking, store 
much less starch in their leaves than do the Dioscoree, Juncacee, 
and Alismacew. The Liliaceew are remarkable for storing very little 
starch, and in some cases none at all, e.g., Alliwm Moly, A. Victorialis, 
A. spirale, A. sativum, A. odorum, A. Cepa, Scilla maritima, &c. 

An interesting investigation was then commenced to ascertain if 
this non-occurrence or scarcity of starch in the leaves of certain 
plants when assimilating is due to too rapid translocation of the 
assimilated products from the mesophyll as compared with the 
energy of assimilation. This question was answered by exposing 
cut leaves to bright light in an atmosphere containing 3 per cent. of 
carbon dioxide, i.¢., under conditions most favourable to rapid as- 
similation and to the accumulation of the assimilated products 
within the leaf. As a rule, the plants whose leaves did not form 
starch under ordinary conditions did not do so when treated in the 
manner described, but two exceptions to this were found in Hemeros 
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callis fava and Muscari moschatum, whose leaves, ordinarily starch- 
free, produced starch in their chlorophyll-granules under these 
altered conditions. The general conclusions drawn are that the 
observed differences of production of starch in the leaves of plants 
are not due to the relatively rapid carrying away of the assimilated 
and reserve materials from the leaf. 

In conjunction with this 1885 paper of Meyer, we must also con- 
sider an important one by the same author which appeared in the 
following year (38). It is here strongly insisted upon that, as 
regards starch-production, there is little or no difference between the 
assimilating cells of leaf-parenchyma and the parenchyma-cells of 
other organs. Any parenchyma-cells can assimilate when the tropho- 
plasts* have given rise to chlorophyll under the influence of light, 
and the whole paper affords the strongest possible evidence that the 
chloroplasts, the essential organs for assimilation of carbon from the 
air, are also capable of functioning like ordinary amyloplasts in 
elaborating starch from certain sugars and a few other substances. 

Meyer also distinctly formulates for the first time the proposition 
that starch only arises in the leaf-cell if more of the nutritive starch- 
forming material is received than the leaf uses for its own nourish- 
ment and respiratory processes, and that the degree of concentration 
of the nutritive solution plays an important part in the result. Follow- 
ing in the main the experimental methods of Béhm, leaves which 
had been thoroughly depleted of their autochthonous and reserve- 
starch in darkness were divided into pieces of about 4—6 sq. cm. and 
floated on the nutritive solution, or, if the leaf was small, it was 
merely snipped round the margin to open the tracheids, so that the 
solution might gain access to the parenchyma. It was found in this 
manner that dextrose, levulose, and galactose can be converted into 
starch by the leaf-parenchyma; but whilst there are some plants 
whose leaves can produce starch from all three kinds of sugar, this is 
not the case with all. Almost all leaves which are capable of form- 
ing starch at all produce it abundantly from a 10 per cent. solution 
of levulose, and a relatively small number from deatrose, whilst on the 
other hand only a very few leaves can form starch from galactose. 

The general rule appears to be that those forms of sugar which are 
naturally present in the plant are favourable to starch-production in 


* Meyer gives the collective and convenient name of Trophoplasts (= nurse- 
plastids) to the chlorophyll-granules generally, distinguishing the green-coloured 
assimilating organs, which are capable of making their starch directly from inorganic 
materials, as autoplasts, the colourless granules as anaplasts (= Starkebildner or 
amyloplasts of Schimper), and as chromoplasts the granules which elaborate 
colouring matters other than chlorophyll. (Vide Das Chlorophylikorn. A. Meyer, 

' Leipzig, 1883.) 
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-the leaf. A good instance of this is afforded by the Composite, 
This Natural Order contains inulin as a reserve-substance; the 
product of hydrolysis of inulin is levulose ; consequently we find the 
leaves of the Composite especially well able to elabcrate starch from 
Jevulose. On the other hand, from dextrose only small quantities of 
starch are elaborated by the leaf-cells of this order of plants, and 
none at all from galactose. Then, again, the Silenee naturally con- 
tain galactose, and we find in consequence abundant starch-formation 
in the leaves of these plants when they are floated in solutions of. 
galactose. 

The same holds good with regard to plants which contain mannite. 
‘Meyer also described some interesting observations on. the value of 
cane-sugar, maltose, and glycerin as starch-forming nutrients. 

We must also briefly refer to the work of E. Laurent (41) on the 
formation of starch in plants, for although Iris experiments were 
made upon the young shoots of the potato and not upon leaves, the 
result obtained, in causing the amyloplasts of the plant to form 
starch under the influence of various carbohydrates, is interesting, as 
confirming what we have already said as to the identity of the 
starch-forming functions of the chloroplasts and the colourless mpe 
plasts of the plant. 

In 1885, Schimper (35) published a lengthy paper dealing with 
the formation and translocation of starch in. leaves. Confirming in 
the first place Sachs’s observations on the disappearance of starch 
from leaves placed in the dark, he endeavours, chiefly by observa- 
tions on Impatiens and Hydrocharis Morsus-rane, to follow out the 
processes of starch dissolution and the translocation of the products 
within the leaf. He employs almost exclusively microchemical 
methods based on the use of iodised chloral hydrate and Fehling’s 
solution, and although his paper contains many interesting and 
valuable observations on the distribution of starch in the leaf, and 
indications of the channels through which its products of solution 
pass out of the leaf, it may be permitted to doubt whether the 
‘farther employment of such microchemical, to the exclusion of 
chemical, methods is likely to materially advance our knowledge of 
the physiological processes of plant-life as evidenced in the leaf. 

In 1890, Saposchnikoff (46), in an interesting and suggestive paper, 
which apparently must be considered only as a preliminary com- 
‘munication, attempted amongst other things to show by experimental 
methods the quantitative dependence of the carbohydrates of the leaf 
upon assimilation. He used the half-leaf method, applying to the 
one half Timiriazeff’s delicate eudiometric process (33) for determin- 
ing the amount of CO, decomposed in assimilation ; and to the other 
half Faulenbach’s method for the determination of the total carbo- 
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hydrates simultaneously formed. Fanlenbach’s method is not de- 
scribed, nor is any_yeference given to it, but as far as we have been 
able to discover, the process consists in previvusly treating the extract 
or material under experiment with malt-extract to bring the starch 
into solution, and then hydrolysing the starch-products and the other 
soluble carbohydrates down to the dextrose point with dilute HCl. 
This is a method which will no doubt approximately give the total 
assimilated carbohydrates, but it is manifest that it is impossible in 
this way to differentiate the sugars from starch or from each other. 
The general conclusions drawn by Saposchnikoff are: (1) the loss of 
carbohydrate from a cut leaf is much less than that from a leaf still 
attached to the plant; (2).the smaller the number of leaves on a 
plant the more rapidly, ceteris paribus, does depletion go on in the 
leaf; (3) the rapidity of translocation of carbohydrates is dependent 
upon the rate at which they are used up by the growing parts of the 
plant; (4) we.know nothing with certainty of the form in which the 
carbohydrate wanders out of the leaf—apparently it is as glucose; (5) 
the plant-cells. appear to be a self-regulating apparatus, re-forming 
starch out of the sugars when an excess of these are present, and re- 
dissolving the starch when their tissues are in want of soluble carbo- 
hydrates; (6) the clearer the sky and the more rapid the assimilation 
the greater is the production of carbohydrate; (7) accumulation of 
carbohydrates ‘in leaves hinders the further production of those 
bodies, and, conversely, the quicker the carbohydrates are carried 
away from the leaf the better the leaf functions as regards assimila- 
tion; (8) there is more CO, decomposed during assimilation than is 
accounted for by the supposition that the whole of the carbon goes to 
form carbohydrate ; consequently it is concluded that other substances 
are produced in the leaf, perhaps albuminoids. 

- In the same year in which Saposchnikoff published the paper last 
referred to, Timiriazeff (47), by the projection of the solar spectrum 
on a green leaf, demonstrated in a very beautiful and conclusive 
manner the fact that only those rays which are absorbed by green 
chlorophyll can bring about assimilation of starch within the chloro. 
phyll corpuscles ; as, however, this aspect of the subject does not 
immediately concern us in this enquiry, we merely make a passing 
reference to the paper, and also to the equally beautiful research 
made at an earlier date by the same author (33), dealing with the 
general functions of chlorophyll. 

A series of experiments on the production of starch in plants 
supplied with ready-formed organic compounds was described by 
Acton in 1889 (48). His experiments were made by supplying the 
culture fluid to cut branches, to the roots of the plants, and to the 
surface of leaves. Before applying the culture flnids the plants were 
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depleted of their starch, this being in most cases brought about by 
placing them in an atmosphere absolutely free from CO,. The con. 
clusions drawn from numerous experiments are that green plants 
cannot normally obtain carbon from any ready-formed substances 
except carbohydrates, or bodies closely related to them. An interest- 
ing fact is also established that a compound may be a source of 
earbon when supplied to the leaves, but not when supplied to the 
roots, and vice versé. There was complete failure to establish starch- 
formation from aldehydes or their derivatives. 

Opposed to these last-mentioned results are those of Bokorny (40), 
to which we must now refer. Bokorny’s earlier attempt to produce 
starch in the green cells of Spirogyra directly from formaldehyde had 
been rendered abortive owing to the very poisonous nature of that 
substance, but he had obtained abundant evidence of starch-formation 
being induced in the plant-cells by a 1 per cent. solution of methylal. 
As, however, there was a doubt in thia case whether the starch had 
been formed from formaldehyde or from methy! alcohol, Bokorny 
in 1891 approached the subject again (54), using as a nutrient a 
dilute solution of sodium oxymethylsulphonate, CH,(OH)-SO,Na, 
which on warming with water splits up into formaldehyde and acid 
sodium salphite, | 


CH,(OH):SO,Na = CH,O + HSO,Na. 


Dipotassium or disodium phosphate is added to prevent the unfavour- 
able action of the acid sodium sulphite upon the plant-cells. 

In dilute solutions of 1 per 1000 to 1 per cent., to which a mineral 
nutrient had also been added, it was found that Spirogyra majusoula 
readily formed starch, under conditions which precluded any possi- 
bility of the carbohydrate being formed from anything, but form- 
aldehyde. Bokorny rightly looks upon these results as being 
confirmatory of Baeyer’s views on the chemical processes involved in 
assimilation (63). The recent work of E. Fischer on the synthesis of 
the sugars has still further strengthened this hypothesis. 


Having considered the present state of our knowledge with regard 
to the occurrence and formation of the starch of leaves, it now 
becomes necessary to enquire how much is known of the causes 
which bring about the dissolution and translocation of this starch 
temporarily stored up in the leaf tissue. 

We have already seen that there is a striking analogy in structure, 
and uader some conditions also in function, between the colourless 
amyloplasts of plant-cells and the green chloroplasts. That this is 
more than an analogy has been shown over and over again by different 
ebservers, who have noted the transformation, under certain condi- 
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tions, of the non-assimilating amylopasts into assimilating chloro- 
plasts, and vice versé; whilst it has also been shown that truly 
assimilating chloroplasts can form starch within their substance at 
the expense of ready-formed carbohydrates when these are supplied 
artificially to the plant-cells. This being the case, it seems almost 
certain that the mechanism involved in the redissolution of the starch 
formed in the two kinds of plastids must be identical, and it, there- 
fore, becomes necessary to enquire into what is known about the 
chemical phenomena attending the dissolution of starch temporarily 
stored in any part of the plant, as it is in the highest degree probable 
that the same laws regulate also the dissolution and translocation of 
the autochthonous starch of foliage leaves. 

Although several observers, guided by the phenomena of germinat- 
ing starch-containing seeds, have expressed an opinion that all 
transitory or reserve-starch of plants owes its dissolution to the occur- 
rence of diastase in the plant, we are not aware that any serious 
attempt was made.to prove this experimentally until 1877, when 
Kosmann (15) stated that by precipitation of aqueous infusions of 
alge, lichens, moss, and certain fungi with alcohol, he had obtained 
a substance which had in all cases a distinct action on starch-paste, 
and even in some cases on unaltered starch. No precaution seems to 
have been taken to prevent the growth of organisms in the extracts, 
nor to differentiate the action of such organisms from that of a true 
enzyme. 

In the following year, Baranetzky (16) published the results of 
very numerous experiments he had made to ascertaiu the presence of 
starch-dissolving ferments in various parts of plants. In addition to 
his experiments on germinating seeds, Baranetzky extended his ob- 
servations to starch-containing bulbs, and also to the stems and 
leaves of many plants. He also studied the mode of attack on the 
solid starch-granules and the phenomena attending their dissolution, 
both within the tissues of the plant and under the right conditions in 
vitro. 

The usnal method of experiment was to make aqueous extracts of 
the ground-up tissue, and to precipitate these with alcohol. The 
precipitate was redissolved in a little water, and its action tried on a 
1 per cent. starch-paste at the ordinary temperature. If the starch- 
paste became limpid, the vegetable tissue was considered to contain 
diastase. 

In this way, or by using the more active extracts direct, diastase 
was found to be present in the stems and leaves of various plants. 
Baranetzky does not doubt that the starch-dissolving enzyme is 
Instrumental in bringing about within the plant the conversion of 
the starch-granule into soluble carbohydrate. As the extract of the 
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plant-tissue, or preparations from it, have only a feeble: starch: 
hydrolysing action, it is concluded that the quantity of enzyme 
existing in the plant-organs at any one time is always very small, 
and that there is compensation for this in the living plant by a con. 
stant reproduction of diastase by the plant-cell in sufficient amount 
to supply all the needs for starch-translocation, but that this repro- 
duction does not proceed sufficiently rapidly for an accumulation of 
enzyme to take place. 

In 1883, Béhm (30), whilst drawing attention to the fact that 
starch-dissolution in the plant has generally been attributed to the 
presence and action of soluble ferments, states as a somewhat unex- 
pected result that leaves which have been frozen and then thawed 
are not depleted of their starch, nor are leaves which have been sur- 
rounded by an atmosphere of hydrogen. He believes, nevertheless, 
that the dissolution of starch in the leaf is brought about by diastase, 
holding much the same views as those previously expressed by Bara- 
netzky, viz., that the ferment is used up almost as fast as it is pro- 
duced, and that consequently the amount found at any one time is 
very small, 

Brasse, in 1884 (31), made an examination of the leaves of potaio, 
dahlia, Jerusalem artietohn, maize, beet, tobacco, and Ricinus. 

He precipitated an “amylase” from the aqueous extracts by 
means of alcohol, just as Kosmann and Baranetzky had done before 
him, but in the subsequent action of this amylase upon starch he 
used chloroform to inhibit the growth of organisms, and measured 
the rate of the starch-transformation by the cupric-reducing power 
of the solution. These experiments are really the first on record 
which to our mind conclusively prove the existence of diastase in 
foliage leaves. 

Sachs, in his paper of 1884 (32), does not add any new facts to 
this part of the subject, except by showing that the starch of the 
chloropbyll-granules can be dissolved by malt-extract. He leaves it 
an open question whether in the living plant the starch is dissolved 
by some power possessed by the chlorophyll-granule, or whether it 
owes its disappearance to the action of soluble ferments. 

A little later Cuboni (36) expressed the opinion that the phe- 
nomena cannot be explained entirely by one hypothesis or the other. 

Schimper, in 1885 (35), described some experiments he made 
with extracts of leaves, all of which were found to be feebly diastatic, 
the criterion of activity being the liquefaction of starch-paste by the 
extracts. Having a suspicion that the peculiarity of Alliwm Cepa in 
not forming starch within its chlorophyll-granules might be due to 
the presence of a large amount of diastase in the plant inhibiting the 
formation of solid starch, he made some comperative experiments 
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with the léaves of Allium and thos of’ plants’ like Tropwolwm and 
Buphorbia Peplus, which forms abundance of atarch in the leaf, The 
expected correlation between the occurrence of starch and diastase 
was not found to exist, since the starch-free Allium leaves were much 
less diastatically active than the leaves of T'ropeelum or Huphorbia. , 

Little or nothing further seems to have been done to advance thig 
particular branch of the subjeet we are considering until 1890, when 
three memoirs appeared having a more or less direct bearing upon 
the mechanism of stareh-dissolution in the plant. We will consider 
them i in the order of their publication. 

In & paper dealitig with the germination of some of the Gunmtines 
{44), we had occasion to draw attention to the fact that during the germ, 
ination, of barley, the diastase which is found in the growing parts of 
the young plant, the radicles and plumula, differs very materially in 
certain ways' from the diastase which is secreted hy the epithelial 
layer external to the scutellum. Whilst this last-mentioned diastase 
is capable of readily liquefying starch-paste, and of actively pitting 
and eroding the solid starch-granule, the former has but little power 
of aeting either on starch-paste ur on the solid starch-granule, 
although it can energetically hydrolyse soluble-starch. We pointed 
out that the first-mentioned variety of diastase corresponds in pro- 
perties with those of the comparatively feeble enzyme which has 
from time to time been obtained from various tissues of plants, and 
as it seemed correlated with the disappearance of starch in such 
tissaes, we spoke of it as “diastase of translocation,” whilst the more 
energetic or active form, which is secreted by the embryo during 
germination, we referred to as “diastase of secretion” (loc. ctt., 
p. 509). The diastatic activity of the growing parts of the embryonic 
barley-plant was determined, and also that of ungerminated grain, 
the diastase present in the Intter case being regarded as the unused, 
residue ,of , the translocation-diastase originally produced by the. 
parenchymatous cells of the endosperm during their development, 

’ The secorid paper is one by J. Wortmann (45), and treats of the 
occurrence and significance of the diastatic enzyme of plants. 

As this is‘/an, important memoir, and one to which we shall] have 
occasion to make frequent and critical reference, it will be necessary 
to consider it somewhat fully. 

After referring to the almost universal belief that diastase occurs 
in all parts of plants, and that where starch exists in living plants 
its dissolution is brought about by this diastase, Wortmann expresses 
his dissent from these views, basing his objection in the first place 
upon the very feeble diastatic action of leaf-extract in such experi-, 
ments as those of Schimper, and in the second place upon the very 
amall amount of enzyme they indicate as compared with the actual, 
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amount of starch dissolved in a given time in the living leaf, an 
amount which Sachs has shown may reach 1 gram per square metre 
in a single hour of the night. He also objects to the iodine reaction 
as a sole criterion of starch-dissolution, maintaining that there ought 
always to be a microscopic control of the corrosion of the starch. 
granules, 

Wortmann also insists upon the time occupied in making the 
plant-extracts being reduced within narrow limits, so as to avoid the 
appearance of organisms, some of which are themselves producers of 
diastatic enzymes. 

After describing his experiments on germinated and ungerminated 
seeds of various kinds, Wortmann proceeds to an examination of 
leaves. The extracts were made by shredding and pounding the leaves 
with a little water for from two to six hours. 

Starch-paste of 0°5 per cent. was used as the reagent, and also un- 
altered wheat-starch. In all, the leaves of 32 different species of 
plants were examined in this way for disastase. In 27 of these cases 
no diastase was found in the extracts, and in the remaining five only 
traces of a starch-dissolving enzyme were discovered. From these 
experiments Wortmann draws the conclusion that diastase is either 
altogether absent from assimilating leaves, or occurs in such small 
quantities that it cannot have anything to do with the translocation 
of starch. This, in his opinion, is also further shown by the fact that 
when diastase does occur in the leaf, it is of such a nature, and so 
feeble in its action, that, unlike the diastase of germinating seeds, it 
is unable to exert any action on the solid starch-granule, a pro 
perty which would certainly be required if its presence had any 
physiological importance. It is, therefore, concluded that dissolu 
tion of starch in the leaf is brought about directly by the protoplasm, 
and that no agent is present in sufficient quantity for bringing 
about starch-dissolution independently of the protoplasm of the lea‘- 
cells. 

In further proof of this proposition, Wortmann placed fragments of 
the leaf of a Helianthus in a moist place in the dark, and found that 
no disappearance of starch took place in the tissue. When stareh- 
containing leaves are placed in an atmosphere free from oxygen, the 
activity of the chloroplasts is suppressed, but not the activity of avy 
diastase which may be present, yet when starch-containing leaves 
still attached to the plant were surrounded with an atmosphere of 

CO, in a dark room, no disappearance of starch took place, although 
other leaves of the same plant which were freely exposed to the ait 
became comparatively depleted of their starch in 20 hours. 

The experiments were repeated by Wortmann with certain vari 
tions fully described in his paper, and all pointed to the same general. 
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result, that when the vital functions of the protoplasm are arrested by 
depriving the cells of oxygen, no disappearance of starch takes place 
from the chloroplasts. 

Apart from the special cases of the dissolution of starch in germe 
inating seeds, Wortmann expresses a very strong opinion that 
diastase either takes no part at all in the solution of starch within 
the plant or but a very insignificant one, and that this dissolution ig 
brought about by the direct action of the living protoplasm, 

The third memoir of the year 1890 which requires special reference 
is by G. Krabbe (50). It is a long and elaborate paper dealing with 
the action of the diastatic ferment on the starch-granule, both within 
and without the plant. 

A great number of experiments and observations were made upon 
various plants and their contained starches, and the conclusion ig 
drawn that the visible mode of dissolution of the starch-granule 
within the plant corresponds to the mode observed when the starch 
is digested with solutions of diastase outside the plant, The dissolu- 
tion of the starch of the plant-cell is not brought about by micro 
organisms, as is asserted by Marcano and by Wigand (42), nor is it 
due directly to the action of the living protoplasm, but is produced 
by an amylolytic enzyme which is probably a split-body of proto- 
plasm. As regards the wandering of diastase in plants, this, doubt- 
less, cannot take place in the form in which it hydrolyses starch, 
owing to its great indiffusibility. If it wanders at all from cell to 
cell, Krabbe is of the opinion that it must undergo some chemical 
change and be again restored to its active form at the spot where it 
is required. It is, however, by no means certain that diastase ever is 
transported from one part of the plant to another, but it is far more 
likely that it only comes into existence in the place where it is 
wanted, 

In 1891, S. H. Vines (55) published the results of an investigation 
he had made with a view to ascertain how far Wortmann is correct 
in his statement that green leaves contain little or no diastase. 
Vines objects to Wortmann’s method of experiment, especially to his 
using the filtrates of the leaf extracts, as he has found that the merely 
strained and still turbid extracts are much more active diastatically 
than the clear filtrates. He also thinks that the non-disappearance 
of starch from leaves, when the leaf-cell is deprived of oxygen, as 
described by Wortmann, is capable of being explained on the assump- 
tion that in the absence of free oxygen protoplasm is unable to 
secrete the diastatic ferment. Results are given showing the amount 
of sugar, calculated as dextrose, formed by the action of 50 c.c. of 
leaf-extract on starch-paste. The cupric-reducing body so prepared 
from starch was shown to be a fermentable sugar, capable of yielding 
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& phenylhydrazine compound, but it’ is coucluded that this sugar ig 
not maltose, as it is-said-to possess no-optical activity. 

The final conclusion at which Vines arrives- is that although the 
amount of fernient which can be extracted from the leaves at any 
given ‘moment is small, yet ‘this ferment is, doubtless, being con- 
stantly secreted, 'so that the total amount produced during a night 
may suffice to éffect the observed conversion of starch into sugar. 

The last paper which we shall have to notice in connection with 
the occurrence of diastase in plants is a recent note by A. Prunet 
(61) on the mechanism of ‘starch-dissolution:in- the plant. It’ is aif 
attempt to prove experimentally that a real relation exists between 
the production of diastase and the dissolution of starch. He had 
ébserved, during the sprouting of the tuber of the potato, that the 
buds nearer the summit develop more rapidly than those nearer the 
base. It seemed’ reasonable to suppose, therefore; that at the com/ 
mencement of growth the transformation of the reserve-starch of the 
tuber-would take place more rapidly near the summit of the tuber 
than near the base, and that if diastase is really the agent of dissolu- 
tion of the starch, this would also be found near the actively growing 
= , 
~ This was verified experimentally. Prunet estimated the solution: 
products of the starch (dextrin and sugar) as glucose, after boiling 
the aqueous extracts'of the tissue with acid. The ‘diastase was de- 
termined ‘by precipitating the extracts with alcohol and determining 
the rapidity ‘with which a solution of the precipitate would act on 
starch-paste, using iodine as an indicator. 

- The results are contradictory to those of Wortmann, and indicate 
that there is really a relation between the distribution of diastase and 
the solution of starch in the sprouting: potato, and that -a relation 
also exists between the appearance of diastase and the commencement 
of growth in the tubers. | : 


3. The Starch of the Leaf, its Determination, and the Proportion it 
bears to the Total Products of Assimilation. 


The iodine-method devised by Sachs in 1884 (32) for the macro- 
scopical detection of starch in the leaf is undoubtedly very useful 
when the difference in the amount of starch in the two compared 
pieces of leaf is considerable. The rapidity with which the process 
can be carried out is much in its favour, but if the actual amount of 
starch in the mesophyll is small, the coloration of the tissue by the 
iodide of starch is often completely masked, or differences in amount 
of starch, which may be very appreciable when some other method is 
employed, are inappreciable with the iodine-test. 
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: These objections do not apply to a method originally devised by 
A. Meyer, and subsequently perfected by Schimper. Im this case 
the leaf is first completely decolorised with alcohol, but is not, as by, 
Sachs’ method, previously treated with boiling water., It is then 
immersed in a concentrated solution of chloral hydrate, to which a 
little iodine has been added. Under these, conditions the leaf-tissue 
becomes very transparent, and the swollen and iodine-stained granules 
of starch can be examined in situ with the aid of. the microscope: 

_ Although requiring much more time than .Sachs’ iodine-test, this 
method commends itself for. the certainty with which even. very 
minute traces of starch can be detected, for the accuracy with which 
small differences in the amount of starch can be appreciated in com- 
parative experiments, and for the ease. with which the exact dis- 
tribution of the starch in the various parts of the janf-Sepue can be, 
ascertained. 

The observations of Sachs which led him to conclude that starch. 
production in the chlorophyll-granule is dependent upon assimilation 
have been so frequently repeated and confirmed by others, that it is, 
unnecessary to record any of our own experiments in this direction, all 
of which are confirmatory of the exactitude of Sachs’ statements on; 
these points. We have also on many occasions repeated saccessfully. 
the experiments of Béhm and of A.. Meyer upon the nutrition of 
leaves with solutions of carbohydrates, and .can fully confirm their, 
statements that the very chloroplasts which, under the ordinary con-, 
ditions of the living plant, form autochthonous starch by: the pro-, 
cesses of assimilation, can also elaborate a similar starch from nutri-, 
tive solutions of certain sugars. Thisis a fact of immense.importance 
for the study of the assimilative processes, and is one to which we 
think far too little attention has been given by vegetable physiologists. 
Although at first sight it may appear that there is a radical differ- 
ence between the formation of starch in the chloroplasts of an actively, 
assimilating plant and the formation of starch in those same chloro-, 
plasts from a solution of sugar, such is not really the case. It is, 
perfectly true,as pointed out by Sachs, that starch is the first visible 
product of assimilation, yet there can be little doubt (as ‘was, in 
fact, anticipated by Sachs himself) that. between the inorganic sub-; 
stances entering into the first chemical process of assimilation and 
the starch, there is a whole series of substances of the sugar class, 
and that it is from the last members of this serics that the chloro-» 
plasts, under normal conditions, elaborate their starch. Both under 
the natural conditions of assimilation and the artificial conditions of 
nutrition with sugar solutions, the chloroplasts form their included 
arch from antecedent sugar. 

The view originally put forward by Baeyer, that these angers of, 
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the assimilating organs owe their origin to the polymerisation of 
formaldehyde, has received remarkable experimental support from the 
direct observations of Bokorny already alluded to (54), and from the 
recent work of Emil Fischer on the synthesis of the sugars. 

We have already referred (p. 610) to the description given by 
Sachs, in his 1884 paper, of the method he employed for determining 
the amount of starch produced or lost by foliage leaves, a methed 
based upon the change in dry weight of accurately known areas of 
leaf cut from either side of the mid-rib. If we examine this method, 
however, we see that it cannot give us the actual amount of starch 
assimilated within a certain period, but that it really measures the 
total assimilated products which enter or leave the leaf during a given 
time. Sachs speaks of it throughout his paper as a gain or loss 
of starch, because he assumes that all the products of assimila- 
tion in the leaves of most plants pass at one time of their history 
through the form of starch in the chlorophyll-granules. We have, 
however, no proof that starch is an essential lidk in the chain of 
chemical products, beginning with the inorganic materials and ending 
with the form in which the products leave the leaf. That much of 
the first products of assimilation does pass through the stareh stage 
under ordinary conditions there can be no doubt, especially when the 
process of assimilation is active ;‘but-no sufficient experimental proof, 
or, in fact, proof of any kind, -has ‘been given of that constant and 
extremely rapid flux of starch within the chlorephyll-granule which 
must occur if the assumption of Sachs is correct. The behaviour 
of the chloroplasts of the assimilating cells when the leaf is immersed 
in nutritive sugar-solutions, as in the experiments of Béhm and 
Meyer, seems to indicate that they, like the colourless amyloplasts, 
only form starch, either when the supply of formative carbohydrates 
is in excess of the metabolic and transloeating power ef the cell in 
which they are contained, or when the sugar-solution has reached @ 
certain degree of concentration. On this view, which we think is in 
accord with all the facts, the starch of the chlorophyll-granule is as 
truly a transitory reserve-starch as that ef any other part of the 
plant,* a reserve which is.drawn upon after the intensity of the light 
has been so far diminished as to materially retard assimilation. 


* Because Sachs found that the starch disappeared from the chlorephyll-granules 
of a fully insolated leaf when the plant was placed in an atmosphere free from COs, 
he concluded that starch-dissolution, as well as starch-formation, is continuously 
going on in a plant exposed in daylight to ordinary conditions. Under the artificial 
conditions of this experiment, of course, no assimilation was possible, and the starch 
stored in the chlorophyll-granules was necessarily drawn upon for the requirements 
of the plant, exactly as would have been the case in the dark. The experiment 
only proves that dissolution of starch is not inhibited by light, 
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: Nevertheless this quantitative method of Sachs is a valuable one 
if we bear in mind its limitations, i.e., that it does not indicate the 
amount of starch entering or leaving the leaf, but the amount of 
assimilation products, leaving for the moment the nature of those 
products for further consideration. 

The conditions for cutting the rectangular pieces of leaf used in 
the experiment are carefully laid down by Sachs, and they are com- 
paratively easy to fulfil in the case of large leaves, but we were met 
at the outset by this difficulty, that we did not know how far the 
observed variations in weight were likely to be due to accidental 
variations in the thickness and density of different parts of the 
mesophyll and veins, and how far to real accumulation or loss of 
assimilated material. Upon this important question of the probable 
error of the method Sachs is quite silent, although it is reasonable to: 
suppose that so able an experimenter had fully satisfied himself on 
this point. 

In order to test the error likely to occur from the above-mentioned 
structural differences in the leaf, we made the following experiments. 

Seven leaves of Helianthus annuus were taken, and from these, 
with the aid of glass templates, one of which was 10 cm. square, and 
the other 10 cm. by 5 cm., equal areas of leaf were cut out from each 
of the right- and left-hand halves. The leaf area taken in each case 
amounted to exactly 800 sq.cm. The pieces on either side of the 
leaf were cut out symmetrically, the larger veins being avoided as 
far as possible, and pains were taken to include about the same 
proportion of the smaller veins on one side as on the other. The 
equal areas of leaf were then quickly killed with steam, and dried in 
the water-oven. On weighing, the following results were obtained. 


1. 800 sq. cm. of right-hand halves, 3-2430 grams, 
2.800 ,,  ,, left-hand » 82772 ,, 


These correspond to the following weights per square metre. 


1. 40°53 grams, 
2.4096 ,, 


These results, differing to the extent of less than 0°5 gram per 
Square metre of leaf-surface, or about 1 per cent., may be considered 
Satisfactory, as, in the case of Helianthus, Sachs found increases 
and decreases of weight, under varying conditions of assimilation 
and depletion, equal to from 9 to 11 grams per square metre, numbers 
very far in excess of anything attributable to variation in weight of 
different parts of the leaf.* 


- It must be borne in mind, however, that leaves vary considerably amongst. 
mselyes in weight per unit of area, and in order to make comparisons as 
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‘ The following experiments; carried out on the lines laid down by 
Sachs, confirm his statement that assimilation goes on under ordin- 
ary conditions sufficiently rapidly to cause a very sensible increase 
im weight of a given area of leaf. 

At 8 a.m., on August 18, 12 healthy leaves of Helianthus annuus 
were cut from the plant: One half of each leaf was at once divided 
into rectangular pieces of known area, in the manner already described, 
taking care not to injure the mid-rib; the area of leaf so obtained 
amounted to 1650 sq. cm., and the dry weight was 6°7674 grams, 
The other half of each leaf was placed with its petiole immersed in 
water, and was exposed to daylight in the open, the day being dall, 
without ‘sunshine. 

In this latter case, the, products of assimilation would necessarily 
accumulate in the tissues of the leaf. 

At 5 p.m., from these insolated halves, 2100 sq. cm. of leaf were cut, 
and these, when dried, weighed 10°4750 grams. Calculating the 
results out for the square metre of leaf-surface in each case, we 


have— 
Weight of 1 sq. m. of leaf at 8 a.m......... eee 41°01 grams. 


» after nine hours’ insol- 


” 


Increase of weight per sq. m. due to assimilation. . ” 
Assimilation in 1 hour per square metre ........ . - 


An experiment was carried on simultaneously with the above, in 
which the second half of each leaf remained still attached to the plant 
during the nine hours’ insolation, so that the products of assimila- 
tion, instead of accumulating in the leaf, as in the last experiment 
with plucked leaves, were constantly passing out through the petiole 
into the stem of the plant. 

The dry weight of 1425 sq. cm. at the commencement was found 
to be 7°5152 grams, whilst after nine hours’ insolation of the other 
half-leaves which had remained attached to the plant, the dry — 
of 1600 sq. cm. was found to be 85118 grams. 

Calculating for equal areas, we have— 


Weight of 1 sq. m. of leaf at 8 a.m........ 
after nine hours’ insol- 


” ” ” 


ation on plant . 


accurately as those just described, it is necessary to take approximately equal areas 
from each side of every individual leaf. 
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» There’ has been practically no gain im weight of the leaf under 
these conditions, for the difference falls within the error of the. 
method. 
. Since the conditions and time of insolation were exactly the same in 
this case as in the Jast, the amount of assimilated products formed must 
have been the same, 7.e , about 9 grams per square metre, but this gain 
hasbeen obscuréd by an’ equal loss, due to the passage of the assimi- 
lated products out of the mesophyll into the principal ribs, petiole, 
and stém. ' Assimilation'and: depletion must consequently have ‘pro- 
ceeded at the rate of a little less than 1 gram per square metre per 
hour, ‘which is almost exactly the rate of depletion which Saghs 
found for the Helianthus leaf during a summer night. The rate of 
assimilation was low in this experiment, owing to the clondy state of 
the weather. Under favourable conditions of sunlight, assimilation: 
proceeds much more rapidly than the products can pass out of the 
leaf, as is well shown in many of the experiments, described by. 
Sachs, and also by the following experiment, carried qut under more 
favourable conditions of weather.* l oxi 

On August 23, a bright warm day, with the sun occasionally, 
obscured by cloud, the half-leaf experiment was made upon leaves, 
of Helianthus annuus. At 5 s.m., 1525 sq. cm: were chi from one side 
of the healthy leaves, and the dry weight was determined as usual., 
At 5 p.M., an approximate equal, area—1550 sq. cm.—was cut sym-~ 
metrically from the other halves of the leaves, which had been left, 
attached to the plant daring 12 hours of daylight. 

The dry weights in both cases were calculated from the square 
metre, and were as follows. 


Weight of 1 sq. m. of leaf at 5 A.M........0000. 50°006 grams. 
” to pi, B.S PilBvn vasoaceees 58°566 


Increase in weight per sq. m. during 12 hours’ 
insolation on the plant 

*Excess'‘of assimilation over depletion per sq. m. 
PIT credecassccecesicolecpececpes «+. 0713 


* The comparative rarity of bright cloudless days in the Midland Counties during 
the autumn of 1891 and the summer and autumn of 1892 was a frequent bar to the, 
Progress of this investigation, and much patience and watchfulness were required to 
avail ourselves of the by no means frequent opportunities of successful experiment, 
Our English climate is not one which is favourable at any time to a research of this 
nature, owing to the rarity of days of continuous sunshine during which assimilation 
is at & maximum. 

t We have taken no account in these experiments of the loss due to the ira- 
tion of the leaf-cells. - pester 

The experiments of Weber indicate that in the case of Helianthus leaf the loss of 
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Concurrently with the above experiment, the half-leaf method was 
applied to other leaves of Helianthus annuus, which in this case were 
separated from the plant and placed with their petioles in water from 
5 a.m. to 5 p.m. under as nearly as possible the same conditions of in. 
solation. The following are the results of weighing :— 


Weight of 1 sq. m. of leaf at 5 a.M.........++-+2 50°350 grams, 
- ‘se » after plucking and in- 
solating from 5 A.M. to 5 P.M......-eeeeeees - 62376 ,, 


Increase per square metre ......... 12°026 _,, 
Assimilation per square metre per hour........ 1:00 _,, 


All our results so far have been strikingly confirmatory of the 
accuracy of Sachs’ experiments and of the general applicability, 
within certain narrow limits, of his method of determining the rate 
of assimilation and depletion of leaves by the change in weight of 
the leaf-lamina. 

We have now to enquire how much of the assimilated products 
of the mesophyll is really present at any one time in the form of 
starch, 
We have found it possible to estimate the starch of leaves with great 
exactness by a method which is substantially identical with one de- 
scribed by O’Sallivan (Trans., 1884, 45, 1) for the determination of 
the starch of grain. 

It is essential in the first instance to obtain the leaves in a per- 
fectly dry state, and in order to do this it is necessary to adopt 
certain precautions, otherwise the amount of starch found will be very 
much less than that which the leaf contains at the time of plucking. 

When a starch-containing leaf is slowly dried at a temperature of 
from 30° to 40°, the application of the iodised chloral hydrate test from 
time to time indicates a gradual but well-marked diminution in the 
starch up to the time of the complete expulsion of moisture. Under 
what influences this disappearance of starch takes place, we shall 
consider at a later stage of this enquiry. 

In order to avoid this loss of starch, we must either kill the leaf, 
by immersing it for a short time in air containing chloroform vapour, 
or we must dry the leaf rapidly at a temperature of 75—80°. If the 
leaves have been previously immersed in alcohol, no special precal- 
tion is requisite in drying. 


weight due to this cause does not exceed about 0°05 gram per square metre per host, 
an amount so small compared with other sources of error inherent to the method 
that it may safely be neglected. We shall have occasion to revert to this question 
of respiration of the leaf later on in this paper, when considering the sugars of the 
leaf, 
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-The dried leaf is then finely powdered and thoroughly extracted 
with ether in an extraction-apparatus to remove chlorophyll, fats, &c. 
When the ether passes through the material without taking up any 
colour, the powdered leaves are dried and a definite weight taken for 
the starch determination. This weighed quantity (generally about 
10 grams will suffice) is placed in a flask and digested with alcohol of 
about 80 per cent. for 24 hours at 40°; the alcohol is then poured off 
and the extraction repeated. After the second extraction, the sub- 
stance is repeatedly washed by decantation with warm alcohol until the 
washings are free from colour. Experience has shown us that sub- 
sequent extraction of the leaf with cold water, prior to the starch- 
determination, is unnecessary.* 

The residue from the alcohol treatment, after drying, is mixed with 
a little warm water, and the mixture heated in a bath of boiling water 
fora little time to complete gelatinisation of the starch; it is then 
cooled to 50°, a little prepared diastase is added, and the conversion 
of the starch is carried on at 50—55° for abont two hours. The mix- 
ture is raised to the boiling point once more, the solid matter re- 
moved by filtration, the filtrate made up to a definite volume, and 
the optical activity and cupric-reducing power of the filtrate deter- 
mined in the usual manner. 

From these data it is easy to calculate the actual amount of maltose 
and dextrin produced by hydrolysis, and hence the amount of starch 
originally present in the leaf. 

The following example will illustrate the working of the method, 
and will also serve to show the very concordant results which may 
be obtained. 

A batch of leaves of Tropeolum majus, picked after a sunny day, 
was quickly dried in a steam oven. Two lots of exactly 10 grams 
each, A and B, were then taken, and these were extracted successively 
by ether and aleohol in the manner described. 

Sample A, after treatment with boiling water, was cooled down to 


“a and digested at that temperature with a little diastase for two 
ours, 


* In the somewhat ‘slow process of washing with water, as recommended by 
O'Sullivan, there is always a great risk of loss of starch if the material is at all 
diastatic, especially of those starch-granules which are broken and more or less 
disintegrated. In the case of germinated grain, a loss of starch in this way is 
certain to occur if special precautions are not taken. If such washing is absolutely 
necessary for the separation of amylans, we have usually employed a dilute solution 
of salicylic acid for the first treatment, until the diastase is removed. A much 

T plan, however, is to treat the material previously with boiling alcohol of 80 
ee cent. This completely paralyses any subsequent action of the diastase without 
gelatinising the starch. (T. C. Day. Private communication.) 
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| After complete conversion, the mixture was filtered and thé — 
apd washings made up to 144: c.c. 


_ Optical activity in 100 mm. tube, 1-9 divisions. 
100 c.c. of the filtrate reduced 0°532 gram CuO. 
- 0°532 gram CuO is equivalent to 0°395 gram maltose. 


This amount of maltose ‘in the 100 mm. tube will rotate the polar. 
ised ray through 1°54 divisions of the scale; therefore 1°9 — 154= 
0°36 division due to dextrin. This corresponds to 0°064 gram of 
dextrin. ' 

- We find, therefore, that 


. 100 e.c. of the filtrate contain .« 0395 gram maltose. 
0064 ,, dextrin. 


Since the-total volame of the filtrate is 144 c.c., the 10 grams of 
leaf have yielded 


Maltose ....... 0°5688 gram. 


Dextrin "09% » 


But 0°5688 gram nialtose is equivalent to 0°5486 gram starch, 
and 0°0922 ,, dextrin a - 00022 ,, mM 


Therefore 10 grams of leaf contain.... 06408 ,,_ ,, 
i.e., 6°408 per cent. 


In the duplicate sample B, the same procedure was adopted with 
the exception that the starch was hydrolysed with a small quantity 
of a cold-water infusion of malt instead of prepared diastase. The 
numbers given below are all corrected for the optical activity and 
reducing power of this small quantity of malt-extract. 


Volume of filtrate, 144 c.c. 

Optical activity in 100 mm. tube, 1°82 divisions. 
* 100 c.c. reduce 0°646 gram CuO. 

0°646 CuO equals 0480 gram maltose. 


. This amount of maltose will give an optical activity in the 100 mm. 
tube of 1:87 divisions, against 1°82 actually observed, so that the con 
version has been carried completely down to maltose. 

On calculating out the results in the same manner as the last ¢- 
ample, we find that from 10 grams of the leaf we have obtained’ 
06912 gram of maltose. This is equivalent to 0°6545 gram of 
starch. 

Therefore 10 grams of leaf contain 06545 gram starch = 654 
per cent. ‘ } é 
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In the two experiments we have ubtained— 


Percentage of 
starch. 


Experiment A ....... occcccces 
Experiment B...... g.ceqevecece 


These resnits are fairly representative of the accuracy which can 
be attained 'by careful working.. - 


Below we give some results of the examination of leaves of 
Tropeolum majus for starch by the diastase method. As we have 
ascertained that the weight’ of a square’ metre of the leaves of this 
Tropeolum weighs, on an average, about 27 grams, we have given the 
results both in actual percentages on the weight of the dry leaf and 
in grams of starch per square metre. 

With the exception of 1, in which the leaves were plucked at 
9.am.,the experiments were made with leaves taken from the plant 
during the afternoon, but under variable conditions of weather. 


Percentage of Grams of starch 
starch on dry per square metre 
(approximate). 


0°790 . 
1°722 
2-008 
1:330 


By the aid of the diastase method, we have been able to determine 
with accuracy the amount of starch which disappears from the leaf in 
darkness within a certain time. The following are some of the results 
obtained :— 

A large number of leaves ef Tropewolum were picked at 5 p.m. after 
a warm day,:when the iodine test indicated an abundance of leaf- 
starch. These leaves were divided into! two portions, A and B. 
The ‘leaves of A were dried at once in the steam-chamber, whilst 
those of B were placed in the dark for’ 63° ‘hours with their 
petioles in water, and afterwards dried in ‘the same ‘manner. - The 
iodine-test, indicated a very marked, but by no meaus complete, dis- 
‘ppearance of starch in B. On estimating the starch by the diastase 
method, we obtained the following numbers. 

Percentage Grams of starch . 
of starch per square metre 
in dry leaf. (approximate). 

A. Leaves taken directly from plant.. 6°505 1:756 

B. Leaves depleted in darkness for 63 

ROUT. . osisicite;s Visa eke coves. «.. BOS 0554 
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In two other series of experiments conducted on the same lines, we 


obtained results as follows, 
Percentage of Grams of 


starch in starch per 
dry leaf. square metre, 


©. Leaves taken afterafairlysunnyday 3°693 0°997 
D. The same leaves depleted in dark- 
ness for 24 hours .... 2-980 0°804 


E. Leaves taken after bright warm day 5°425 1°464 
F. Same leaves depleted in darkness 
for 24 hours . 0°244 

We have been able to ascertain with a close approximation tg 
accuracy the amount of assimilated material which is accumulated 
by the leaves of Troprolum during a summer’s day. From 9 ax, 
to 5 p.m. on August 12, a period of eight hours, 1 sq. m. of the 
leaves increased in weight 7°2 grams, showing an increase of assimila- 
tion over depletion of 0°9 gram per square metre per hour. If we 
compare this result with the determinations of starch in a square 
metre of Tropewolum leaf, we see that the actual amount of starch 
present at any one time in the leaf must represent only a small pro- 
portion of the material assimilated during a summer's day of 
sunshine. 

This conclusion is even more strikingly shown by the following ex- 
periment on measured areas of the leaf of Helianthus annuus. 

On August 23, the day being sunny and warm, with occasional 
cloud, definite areas were cut from one side of a number of healthy 
leaves at 5 a.M., an equal area being cut from the other halves, which 
were allowed to remain attached to the plant until 5 p.m. 

Both the dry weight and the total amount of starch were determined 
in each series with the following results. 

Weight of Starch in 


1 sq. m. of leaf, Starch grams per 
Grams. percent. square metre. 


At 5AM. .cccccecees 50°006 2°01 1°05 
At 5B PM. .cceeeeee. 58566 4°19 2°45 


Increase in 12 hours.. 8566 2°18 1-40 
Increase in l hour... 0713 0°18 0°12 


The actual amount of materials assimilated by the leaf in the 12 
hours was found, by a parallel experiment on cut leaves, to amount 
over 12 grams per square metre; but whilst this large amount of 
material has been produced in the assimilating cells, and passed 
to the other parts of the leaf or stem, there is only an observed it- 
crease of starch during that period of 1:40 grams, If, therefore, 
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Sachs’ idea is correct, that all the assimilated products pass through 
the form of starch, the formation and dissolution of that substance 
must take place at a most astonishing rate. As we have before said, 
there is no evidence whatsoever of starch being a necessary link 
between the sugars of assimilation and the sugars of translocation ; 
it is far more probable that starch is only elaborated within the cell 
when the supply of nutriment is in excess of the cell requirements, 
and that most of the assimilated products never pass through the stage 
of starch at all, 


4. The Occurrence of Diastase in the Leaf. 


We have already referred to the conflicting views which are held 
on the question of the mechanism by which the starch of the leaf is 
dissolved preparatory to its translocation ; and we have dwelt some- 
what fully upon the objections recently made by Wortmann to the 
current opinion that this dissolution is brought about within the plant 
by diastase. To substantiate his case that the dissolution is inde- 
pendent of the action of diastase, Wortmann relies upon the follow- 
ing supposed facts :—(1.) The absence of diastase from most leaves, 
or its occurrence in very small quantities only. (2.) When diastase 
dees occur it is of such a nature, and so feeble in its action, that, 
unlike the diastase of germinating grain, it cannot act upon the 
solid starch-granule. (3.) When the vital functions of the proto- 
plasm are arrested by depriving it of oxygen, then no disappearance 
of starch goes on in the leaf. 

As regards (1) the whole of our work points consistently to the 
inaccuracy of the statement. 

So far from leaves containing, as a rule, little or no diastase, we 
have never found a single case where diastase was not present in 
sufficient quantity to transform far more starch than the leaf can 
ever contain at one time; in fact, we shall see that diastase is fre- 
quently present in leaves to an amount sufficient, under favourable 
circumstances, to hydrolyse many times more starch than the total 
dry weight of the leaf tissue itself. 

The method which Wortmann employed for investigating the leaf- 
diastase was a very crude one, and we are not surprised it led him 
to erroneous conclusions. The absence of diastase from a clear filtrate 
obtained after merely digesting the crushed leaves with water for 
three or four hours is no sufficient proof that the leaf does not contain 
a starch-transforming enzyme ; for it is well known to those who have 
spent much time in separating such enzymes from vegetable or animal 
tissue, that the protoplasm often parts with its enzyme with con- 
siderable difficulty, and that it is often almost impossible to obtain 
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from such a preparation a clear filtrate which has any hydrolysing 
action, although an energetic hydrolysis may be produced by contact 
with the tissue itself, or by the employment of a turbid filtrate con. 
taining the finely-divided tissue in suspension (¢f. Brown and Heron, 
Proc. Roy. Soc., 1880, 393). 

At the outset of our investigation this was found to be the case 
with the leaf extracts, i.e., that, although the clear, filtered extract of 
the leaf-muy possess but feeble diastatic action, the leaf tissue itself 
can readily hydrolyse starch. Vines also called attention to this 
fact in his paper of 1891 (55). It will be shown later on that the 
difficulty experienced in procuring a diastatic, infusion of a leaf is also 
materially influenced by the presence of tannin, and that when tannin 
is present in considerable amount it is quite impossible to obtain’an 
extract of the leaf with any starch-hydrolysing power, although by 
suitable means it may be possible to demonstrate the presence of a 
very considerable amount of diastase in the leaf itself. 

It is only by drying the leaf that the full activity of the contained 
diastase can be appreciated. If a leaf is air-dried at about 40° to 50°, 
then finely powdered, and put under favourable conditions for hydro- 
lysing starch, the hydrolytic action is very much greater than that of 
freshly pounded undried leaves. It can readily be shown that this 
increase of diastatic power is not due in any way to the indirect in- 
fluence of micro-organisms on the leaf-tissue during the slow process 
of drying, but to the much more complete disintegration of the leaf 
and the readier manner in which the enzyme is separable from the 
killed and dried cell- protoplasm. 

‘ The result of a single experiment, which may be taken as typioal, 
will show the comparative diastatic activity of a leaf-extract and of 
the leaf-tissue itself. The experiments were made by a method pre- 
sently to be described, and in such a manner as to give strictly com- 
parative results. The leaf used was that of the Helianthus tuberosus, 
and the extract was made by a prolonged action of the water upon 
the crushed and pounded fresh leaf, a little chloroform being added 
as an antiseptic. The following were the results obtained :— 
Diastatic activity of 10 grams of the dried leaf of 
Helianthus acting by contact . 
Diastatic activity of the filtered extract of 10 grams 
of the same leaf 


5. What is the Nature of the Products of Transformation of Starch by 
Leaf-diastase ? 

Although we should have good reason to conclude from analogy 

that the ‘products of the hydrolysis of starch by leaf-diastase are 

identical with those obteined under similar conditions with the 
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diastase of germinated grain, we are not justified in taking this for 
granted, especially as Vines has recently stated that the sugar pro- 
duced is not maltose. 

In the first experiment, the leaves of Tropeolum majus were 
employed. 

25 grams of the dried leaves, acting for seven days at 30° on 100 c.c, 
of a solution of soluble-starch, under the usual antiseptic conditions, 
gave, on analysis, the following numbers, after due correction was 
made for the opticity and reducing power of the leaf-extract itself. 


Opticity in 100 mm. tube, 8°2 scale divisions. 
CuO reduced by 100 c.c. of the solution, 2°813 grams. 


This amount of CuO corresponds to 2°090 grams of maltose, which 
should give an opticity of 8°26 scale-divisions, against 8:2 actually 
observed. In this prolonged hydrolysis, we see that the starch has 
been entirely converted into maltose. 

Another experiment with the leaf of Pisum sativum indicates the 
successive stages of the hydrolysis, and also serves to illustrate the 
great diastatic activity of the leaf of this plant. 

05 gram of dried leaf in 500 c.c, of a solution of soluble-starch, at 
35°. 

Maltose formed per 100 c.c. 


A complete analysis of the solution was now made, with the usual 
corrections for the opticity and reducing power of the leaf-extract. 


Grams of solids per 100 c.c. (3°86 divisor)..  2°425 
Optical activity in 200 mm. tube 21°7 divisions, | 
100 c.c. reduce 2:1606 grams CuO, 
These numbers correspond to 
[@]js-06 = 171°8°, 
K3-96 40°41, 


and indicate the following composition of the hydrolysed products :—> 


Maltose...... 66°24 he ; 
Dextrin 33-76 \ requiring [@]s.9 172-2. 


—_-- 


100-00 


These experiments, and many others, the details of which it is 
unnecessary to give, all show very clearly that the hydrolysis of 
VOL. Lxi11, 2x i 


636 BROWN AND MORRIS: THE CHEMISTRY 


starch by leaf-diastase gives rise to the same products as those of 
malt-diastase. That maltose is the sugar which is formed was further 
proved beyond all doubt by its actual crystallisation from the 
alcoholic solution obtained by treating the products of starch hydro. 
lysis with 80 per cent. alcohol, and by the preparation and identifica. 
tion of the maltoseazone. 

In all the foregoing experiments there is no indication of the 
hydrolysis proceeding beyond the point of maltose; in other words, 
we have seen no evidence of the existence in the leaf of an enzyme 
capable of hydrolysing maltose to dextrose. In order to ascertain if 
any further action on maltose can be induced under favourable con. 
ditions, the following experiment was made. 

100 c.c. of a solution containing 4°751 grams of maltose was 
digested at 30° with 2 grams of dried Tropeolum leaves which had 
been previously shown to be diastatically active. After due correc. 
tion for the sugars pre-existent in the leaves, the following results 
were obtained :— 


Grams CuO 
reduced by Opticity in 
100 c.c. 100 mm. tube. 
Before digestion ; 6°686 188 
After 7 days digestion at 30° 6°441 18°5 


No sensible hydrolysis of the maltose had taken place, even after 


very prolonged action of the leaf-diastase. 

In order to ascertain if any invertive action can be brought abont 
by the leaf, a parallel series of experiments was made, using cane- 
sugar instead of maltose. 
‘2 grams of the same Tropeolum leaves were digested at 30° with 
100 ¢.c. of a solution containing 4881 grams of cane-sugar under the 
usual antiseptic conditions. The digestion was continued for seven 


days,. 
Grams CuO 
reduced by Opticity in 
100 c.c. 100 mm. tube. 
Before inversion 9:4 


After ‘ 72 


These numbers indicate a decided invertive action of the leaf equal 
to the ‘production of 0°894 gram of invert-sugar, an amount equal t0 
nearly 45 per cent. of the weight of the dry leaf taken. 

Although’ this last experiment is highly suggestive of the leaf- 
tissue itself containing an invertive enzyme, it is not absolutely 
certain that this is the case, since it is quite possible that the invert- 
ase may be derived from minute quantities of fungi growing on and 
ih the “leaf. ‘Further experiments upon this subject are desirable, 
especially in'view of the'fact, which will be referred to Jater on, that 
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the living cell of the leaf-parenchyma most certainly has the power 
of inverting the cane-sugar which occurs within it. 


6. Determination of the Diastatic Activity of Leaves. 


The determination of the actual amount of diastase present in any 
animal or vegetable tissue, and its expression in terms of absolute 
units, is of course impossible in the present state of our knowledge, 
and will doubtless remain impossible for a long time to come. For 
all practical purposes, however, it is sufficient to determine the 
enzyme comparatively, which can be doue by measuring the amount 
of hydrolytic work a given amount of the tissue can perform 
under ‘certain standard conditions and in a given time. Kjeldahl 
(Résumé du Compte-rendu du Laboratoire de Carlsberg, 1, 1879, 129) 
first laid down the foundation for accurate comparisons of enzyme- 
action in his investigation on, the rate. of ‘starch-hydrolysis under 
well-defined conditions. He clearly showed, and the subsequent 
investigations of ourselves and others have confirmed the general 
accuracy of the statement, that providing a starch-transformation 
is not allowed to fall below a cupric-reducing power of « 25 to 
30 for the mixed products of hydrolysis, ‘then, under identical 
conditions of time, temperature, aud concentration, the cupric-reducing 
power is proportional to the amount of diastase originally present. This 
is Kjeldahl’s “law of proportionality,” and we have based upon it 
the following method for determining the diastase of foliage-leaves, 
a method which is almost identical with that already described by. 
us in Our paper on the germination of the Graminee (44). 

A. 0°5 gram of the finely powdered, air-dried leaf is digested at 30° 
with 50,c.c. of a 2 per cent..solution of soluble-starch which has been 
previously prepared by the limited action .of hydrochloric acid .en 
starch according to the method of Lintner. The digestion of the 
mixture is-carried.on for exactly 48 hours, the danger of any. appear- 
ance of microorganisms. being averted by employing chloroform at 
the rate of 5 c.c. per litre of starch-solution. 

B, A duplicate experiment is made by taking the same amount of 
leaf and.starch-solution, boiling the mixture for a minute or two, and 
placing-alongside ‘the -first solution. This solution 'B is used» for. 
correcting A for the cupric-reducing power and opticity ofthe sugars 
naturally contained in the leaf. It is an essential part of the process 
which must never be omitted, since’ leaves generally contain’ a 
very sensible and, in some cases, considerable amount otf anteed 
Sugars, 

‘The difference between the cupric-reducing powers: of -A-and B.is @ 
measure of the hydrolytic work done, and it becomes possible; ‘when 
2x2 
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the time and all other conditions remain constant, to compare the 
relative diastatic activities in this way if care is taken that the 
limits of Kjeldahl’s law are not overstepped. 

If, in the course of experiment, the reducing power of the solution 
exceeds « 25—30 in the standard time, another experiment must 
be commenced, using a less quantity of leaf, the proportion of 
leaf to starch solution being decreased until the reducing power falls 
to below « 30.* 

The cupric reduction is calculated in all cases as maltose, and for 
purposes of comparison this is referred to 10 grams of the dry leaf. 
so that our numbers indicating the relative diastatic activity really 
represent the number of grams of maltose which the diastase of 10 grams 
of leaf is able to produce from soluble-starch by hydrolysis in 48 hours, 
at a temperature of 30°. 

The following are examples of the application of the method, and 
fairly represent the degree of accuracy attainable. 


Experiment on Air-dried Leaves of Tropeolum majus. 
A. 0°5 gram of leaf in 50 .c. of soluble-starch solution, digested 
for 48 hours at 30°. : 
10 c.c. of the filtered solution reduced 0°0918 gram CuO. 
B. The same amoant of leaf and of starch-solution boiled at once, 
and digested side by side with A, 
10 c.c. reduced 0°0259 gram CuO. 


Then 0°0918 — 00259 = 0°0659 gram of CuO reduced by the pro- 
ducts of starch-hydrolysis of 0:1 gram of leaf: therefore 10 grams of 
leaf acting upon a proportional quantity of soluble-starch will give 
reduction of 6°59 grams CuO, which is equivalent to 490 grams of 
maltose. This is the maximum amount of maltose capable of being 
formed in 48 hours by the diastase of 10 grams of this particular 
leaf.t 
In another experiment, made on another portion of the same sample 
of leaf under identical conditions, we found— 


* That this mode of procedure, i.e., reducing the amount of diastatic agent as com- 
pared with the volume of starch-solution, gives perfectly comparable results, is shown 
by an experiment quoted by Kjeldahl (loc. cit., p. 142), in which he acted upon 
25 c.c. and upon 100 c.c. respectively of the same starch-solution for the same time, 
with the same volume of malt-extract, He obtained the same amount of reduction 
in each case, 

These results are also confirmed by our own experiments on lupin leaves, quoted 
in the text. 

t Care must of course be taken in all such experiments to-remove by boiling the 
small amount of chloroform used as the antiseptic, before determining the reducing 
power of the soluticns, as chloroform has a marked reducing action on Febling* 
solution. 


—— 
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Solution A 10 c.c. reduced 0°0948 gram CuO. 
Solution B 10 c.c. » 00280 ,, * 


Calculated out in the same manner as in the last experiment, we find 
that 4960 grams of maltose have been formed by the diastase of 
10 grams of leaf, as against 4900 in the first determination. . 

The following experiment, carried out on the same general lines 

with the leaf of the lupine, shows that a high degree of accuracy can 
also be attained in comparative experiments when unequal quantities 
of leaf ave taken, that is to say, when the proportion of leaf to starch 
is variable ; but the “law of proportionality ’’ must not of course be 
overstepped. 

A. 025 gram of lupine leaf digested with 100 c.c. of soluble- 
starch solution (i.e. in ratio of 1:400) for 48 hours in- 
dicated, after the usual corrections were made, that 10 grams 
of the leaf under these conditions could produce 3510 
grams maltose. 

B. 050 gram of leaf with 50 c.c. of soluble-starch solution 
(i.e. in ratio of 1: 100) for 48 hours indicates 3:250 grams 
maltose as produced by 10 grams of the leaf. 


It is not possible by this method to make comparisons of relative 
diastatic power unless the times of digestion are equal. Any con- 
venient period of time can be used in such a series of experiments, 
but this period, having been once selected, should be adhered to, as it 
is not possible to correct for variations of time owing to the rapidity 
of transformation not bearing any simple relation to the amount of 
diastase. The following experiment indicates this very ¢learly :— 


Time Experiment showing the Progress of Starch-hydrolysis brought 
about by Leaf of Tropeolum. 


1 gram of dry leaf digested with 100 c.c. of soluble-starch solution 
at 3U°. 


After 24 hours 10 grams leaf produced 0°767 gram maltose. 
48 ,, 1vl5 
= 1123 
5 days 1:357 
a 1-582 
a 1-930 


Before proceeding to give the results of the examination of the 
foliage leaves of various plants for diastase, we must allude to a dis- 
turbing cause which is liable to enter into all these determinations, 
and which in some cases leads to a considerable underrating of the 
actual amount of diastase present. 
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We have already noted how very much less diastatic an aqueous 
extract of a given quantity of leaf is than the equivalent quantity of 
leaf-tissue acting upon the starch-solution by direct contact, and we 
have ascribed this difference, which is generally observable in the 
case of all vegetable and animal tissues, to the tenacity with which 
the cell-protoplasm holds fast to the very colloidal diastatic enzyme. 
Occasionally, however, we come across a case in which, although the 
leaf-tissue shows marked hydrolytic powers when acting by contact, 
its aqueous extracts, no matter how carefully prepared they may be, 
are absolutely free from diastase. This is notably the case with the 
strobiles of the hop. When the bracts which constitute the strobiles or 
“cones ” of this plant are dried, and their diastatic action is measured 
in the usual manner, their contact action on starch is considerable, as 
is shown in the table on the next page. On the other hand, it was found 
impossible to produce an aqueous extract of the hop-strobiles possess- 
ing the slightest hydrolytic action, no matter how concentrated 
the extracts were, or how long the water was in contact with the 
hops. 

On investigation, it was found that the tannin of the hop had pre- 
vented the diastase going into solution. So marked is this inhibiting 
action of the tannin upon diastase that an aqueous extract of hops, 
subsequently infused with a little malt, is found to be incapable of 
extracting any of the diastase of the malt. That this inhibitory 
action on the malt-diastase is due to tannin is clearly shown by the 
fact that the extract of hops loses this power of inhibition if its 
tannin is removed by shaking with a small amount of the raspings of 
raw hide. The experiments upon which these statements are based 
have been fully described by us in another paper dealing with the 
more technical aspects of the question. (See Transactions of Inst. of 
Brewing, 1893, 6, 94). They have an important bearing upon the 
present enquiry, as there is no doubt that the comparatively weak dia- 
static action of some leaves is due to the tannin'they contain, and that 
neither the action of the leaf-extract nor that of the leaf-tissue itself 
gives a complete measure of the amount of active diastase presént in 
the leaf at any one time. A little consideration will, however, show 
that in measuring the diastatic energy of a leaf which contains 
tannin in some of its cells we reduce the inhibitory influence cf this 
tannin considerably by dilution in the process of measurement we 
have adopted, since the volume of starch-solution used is considerable 
as compared with the actual amount of dry leaf-tissue employed. 

In the following table we give the results of the determination of 
diastase in the leaves of a number of plants by the method we have 


described. 
Tbe numbers show the relative diastatic activities of the dried 
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jeaves acting by contact, and really represent the amount of maltose, 
expressed in grams, which 10 grams of the air-dried leaf will produce 
from soluble-starch by hydrolysis in 48 hours at 30°. 


. Pisum sativum 

. Phaseolus multiflorus 

Lathyrus odoratus 

. Lathyrus pratensis ....ccececceceecs ee 

. Trifolium pratense 

. Trifolium ochroleucum 

. Vicia sativa 

. Vicia hirsuta 

. Lotus corniculatus 

. Lupinus (? sp.) ...... PerrirT PPTTTTT TTT rt 
. Grass with clover.......ccececececereceeeee 
» Trope@olwm Majusecsccececccccecceecesececs 


SO WAI Om PO 


— 
— 


” 
. Helianthus annuus 


12 

13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21 

22. 
23. 
24 


. Allium Cepa 

. Hemerocallis fulva 

. Populus (? sp.) 

. Syringa vulgaris 

. Cotyledon Umbilicus 

- Humulus Lupulus. Leaves 

- - Strobiles with seeds (1).. 


% % (2).. 
” ” (3).. 
” - Strobiles free from seeds. . 
. Hymenophyllum demisswm 
35. Hydrocharis Morsus-rane 


Oo 


Co % BS & bw w& ft 
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We see from the above table that the foliage leaves of all the 
plants we have examined contain more or less diastase, but that the 
amount of this enzyme varies enormously in different plants and, 
within narrower limits, even in the same plant at different times. 4 
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It will help us to realise the high diastatic activity of some of these’ 
leaves if we compare it with the hydrolytic power of malt acting 
under the same conditions. 

In the case of Pisum sativum, we see that its foliage leaves contain 
a snfficient amount of diastase to convert 24 times its own dry 
weight of starch within the standard time of 48 hours. A com. 
parison was made between this and a pale barley-malt of average 
diastatic capacity. 

Maltose produced under standard conditions by 

Ratio. 
1. 10 grams of leaf 1:00 
2. 10 grams of malt 63461 2°64 


We are thus led to the remarkable conclusion that the diastatic 
activity of the leaf of Pisum sativum is between one half ard one- 
third of the diastatic activity of an average barley malt. At the 
other end of the scale we have the leaves of Hydrocharis Morsus-rane, 
which can only effect the hydrolysis of 2°5 per cent. of their own 
dry weight under the standard conditions. We have in this case, 
however, to deal with a leaf containing a very larye amount of tannin, 
and we have no doubt that on this account the number in our table 
is far too low as an expression of the diastatic activity of this 
plant. 

It is a noteworthy fact that the Leguminose in the above table 
stand out pre-eminently for the high diastatic power of their leaves. 
The one exception is the lupine, and here again we found we had to 
deal with a leaf containing much tannin, a fact which, doubtless, 
explains the exception. 

The high value found for the grass, No. 11, was no doubt due to 
the clover contained in the lawn-cuttings which were used. 

In considering the very variable diastatic function of leaves, it is a 
matter of considerable interest to ascertain if there is any correlation 
between the average amount of diastase in the leaf and the facility 
with which any particular plant forms starch in its chloroplasts. 

Unfortunately we do not possess at present a sufficient number of 
accurate observations to enable us to determine this point. The 
researches, however, of Sachs, A. Meyer, and others, have shown how 
enormously the leaves of various species of plants differ in their 
capacity for forming starch, and have given us certain data upon 
which something like a general opinion can be based. 

A. Meyer (34) has generalised his observations by arranging the 
Natural Orders of the Dicotyledons which he has examined in five 
different classes, according to the amount of starch which they ca" 
store in their leaves under favourable conditions, this starch being 
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determined by the amount of iodine coloration which the strongly 
insolated leaves can exhibit. In the first class he puts the Solanaceew 
and the Papilionacee as being able to form very large quautities of 
starch. Oar own observations have not extended to any of the 
Solanacee, but it will be noticed in the table that all the Papilion- 
acee examined are highly diastatic, pre-eminently so in fact. The one 
exception, the Jupine, contains, as has been stated, a considerable 
amount of tannin which has, doubtless, obscured the result. 

Amongst the Monocotyledons, it has been long known that certain 
of the Liliacee form little or no starch in their leaves. Some few of 
these, such as Allium Cepa, Galanthus nivalis, and Hyacinthus 
orientalis, appear to be unable, under any circumstances, to elaborate 
starch in their chloroplasts ; whilst, on the other hand, certain other 
species, such as Iris germanica, which never contains starch ander 
the most favourable natural conditions, produce it in their chloro- 
plasts fairly readily when the leaves are bathed with an atmosphere 
containing 5 per cent. of carbon dioxide [vide Boehm (30)]. 

The Liliaceous plants are certainly very poor starch formers, and 
we find they are also very poor in diastase, especially those species 
which never produce starch. 

Of the three Liliaceous plants given in the last table, Nos. 23, 24, 

95, Funkia sinensis can produce a moderate amount of starch in its 
leaves, whilst Allium Cepa and Hemerocallis fulva are not starch pro- 
ducers. We notice that the first-named plant is considerably more 
diastatic than the two last. 
_ Although these observations, as far as they go, strongly suggest 
that facility for starch production in a leaf is related to the occur- 
rence of a diastase, which it is fair to assume takes part in the re- 
dissolution of that starch, they must be very much extended before 
we obtain proof of this proposition. We have in the leaf of the 
Hydrocharis, No. 35 of the table, a case which at first sight appears 
to point the other way. No plant is more active in its manufacture 
of leaf-starch, under favourable conditions, than is the Hydrocharis 
Morsus-rane, yet we see the diastase present in its leaf is smaller in 
amount than in any other case. The disturbing cause here, however, 
18 doubtless, as has been already stated, the very large amount of 
tannin contained in some parts of the leaf, which inhibits the action 
of the diastase under the conditions of experiment, and gives an 
altogether erroneous idea of the amount of enzyme present. 

Putting this case of the Hydrocharis aside, we have found in all the 
leaves we have examined, far more diastase than is requisite to trans- 
form within a moderate amount of time all the starch which the leaf 
can ever contain. 

“We believe that future work will confirm the existence of a relation 
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between starch-forming power of leaves and diastatic function, but, 
as we shall show later, we need not wait for such experiments in 
order to prove that the disappearance of starch in the leaf under 
natural conditions of growth is, in part at any rate, brought about 
by a soluble enzyme, and that it is not altogether directly con+ 
ditioned by the vital processes of the protoplasm, as taught by Wort- 
mann. 

The excessively high diastatic power of the leaves of Leguminous 
plants is very remarkable, and is another instance of the exceptional 
properties which recent research has shown to belong to those 
plants. 

We suspected that this property might in some way be correlated 
with the richness of the leaf in nitrogen, and consequently we have 
determined the percentage of nitrogen in the leaves of Piswm sativum 
and of Tropwolum majus, leaves whose diastatic capacity stand in the 
ratio of 240—5. The following results were obtained :— 


Percentage 


of nitrogen. 


In point of fact the highly diastatic leaf contains less nitrogen than 


the other. 


7. Perivdic Variations of the Diastase of Leaves. 


We have already referred to the fact that the diastatic function of 
leaves of the same species of plant varies within certain limits, as is 
shown in the case of Tropwolum, Nos. 12—20 of the table. We have 
now to enquire into the laws regulating these variations. 

As our method of determining the relative amount of diastase in 
leaves is a very accurate one, if all precautions are taken, it becomes 
possible, by an examination of the leaves of the same plant plucked 
at different times of the day and under varying conditions of insola- 
tion, to determine if the leaf-diastase shows any periodic.rise or fall 
in amount, and if this change takes place in response to any alteration 
of external conditions. 

There are two ways of carrying out such experiments. Fair results 
can be obtained by plucking at stated times from the same plant 4 
certain number of leaves of about the same size and age, and deter- 
mining the diustase in these as usual, after drying at a low tem- 
perature ; but a much greater degree of accuracy can be obtained by 
a ‘half-leaf method” ; that is, by making the periodic examinations 
upon fractional parts of identically the same leaves. It is this 


AND PHYSIOLOGY OF FOLIAGE LEAVES, 645 


latter method which we have employed exclusively in the experiments 
we are about to describe. 

As the life of the leaf is prolonged for some time after it is: 
plucked, if special precautions are not taken, metabolic changes still 
continue in the leaf-cells during the slow process of drying at the low 
temperature of 30—35°, which it is necessary to employ in order to 
avoid destroying wholly or in part the activity of the diastase. 

As already remarked, this continued metabolism results in & 
marked diminution in starch before the leaf-tissue is dry enough to 
arrest further change, and we have also found that a marked altera- 
tion is simultaneously brought about in the amount of leaf-diastase 
when slow drying is adopted. 

It became necessary, therefore, to devise some plan by which the 
vitality of the leaf could be quickly arrested at the time of plucking, 
and which would fix the amount of diastase without changing it in 
any way. 

Immersion of the leaf in alcohol first suggested itself, but this plan 
has only a limited application, because we find that, although leaves 
or parts of leaves, after they have been in alcohol for 24 hours, can 
be fairly well compared inter se, yet the actual amount. of diastatic 
activity which they exhibit after such treatment is only a fractional 
part of that which the leaves possess if dried at once. In other words, 
the aleohol destroys a large portion of the diastase. This is illustrated 
by the following experiments. 

A number of leaves of Tropeolum majus were plucked and divided 
into equal halves, One set of half-leaves was immersed in alcohol 
at once, the other being air-dried in the usual manner at 30—35°. 
After 24 hours a determination of the diastatic activity in the two 
sets of half leaves gave the following numbers :— 

Diastatie activity 
according to usual 
Half-leaves dried at once . 
” previously immersed in alcohol. 3:18 


Another experiment on other leaves gave 7°43 as the measure of 
the diastatic activity of the leaves dried at once, against 3°77 for those 
immersed in alcohol. 

This influence of alcohol in weakening the activity of diastase is 
also apparent with dry as well as with fresh leaves, as shown below. 


Diastatic activity. 
Tropeolum leaves dried at 30—35° .. 5°93 
The same dried leaves after treatment with 
alcohol for (1) 24 hours 
(2) 72 hours ......ccsecereee 
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: The last experiment shows that the weakening action of alcohol on 
diastase soon attains a maximum. When this maximum has been 
attained, comparison of diastatic activity can be made, but we much 
prefer to kill the leaves as soon as plucked by immersing them for a 
few minutes in air charged with chloroform vapour. Leaves so 
treated can then be slowly dried at a low temperature, without any 
fear of altering the amount of either the starch or diastase which 
they contain at the time of plucking. 

Comparative experiments on these lines very soon showed that in 
the case of plants growing under natural conditions, the amount of 
diastase in their leaves is subject to periodic fluctuation, and that 
these flactuations are in some way or other dependent on the degree 
of illumination. Moreover, it was further observed that the condi- 
tions which are the most favourable for assimilation and for the 
formation of starch in the leaf are just those which are the least 
favourable for the accumulation of diastase. In other words, speak- 
ing in general terms, the tendency towards starch production in the 
leaf is inversely releted to the accumulation of diastase. 

The following three experiments, carried out by the “half-leaf 
method,” illustrate this :— ; 


Experiments with Tropreolum majus. 


Increase of 
Diastatic diastase 
activity. per ceut. 


1. Sept. 10. Half-leaves plucked at 5pm. 1°963 — 
” »  atlOpm. 2-662 35°6 


2. Sept. 22. Half-leaves plucked at 3 p.m. 1°100 — 
” ;  atllpm. 1874 70°3 


— op } Half-leaves plucked at 4.15 p.m. 1-006 
. » §«—9b5.30am, 1645 635 


Tn the next experiment, Tropeolum leaves were plucked at 5 P.M.on 
a day when the conditions for assimilation had been favourable, 
starch being plentiful in the mesophyll. The lamina of each leaf was 
divided into the three equal parts a, }, c. 

The portions (a) were placed in a chloroformed atmosphere for 4 
few minutes, and then air-dried at 30—35°; tl.e portions (b) were 
dried under exactly the same conditions, but without being previously 
chloroformed ; whilst portions (c), which had been left attached to 
the leaf-stalk, were placed in the dark for 18 hours with their petioles 
immersed in water. The lamin were then separated from the stalk, 
and afterwards chloroformed and dried exactly as in the other cases. 
On determining the diastase, the following numbers were obtained. 
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Increase in , 
Diastatic diastase 
activity. per cent, 
a. Portions of leaf chloroformed and 
b. Portions dried without chloroform 
treatment 3°687 70°4 
c. Portionsdepleted indark for 18 hours, 
chloroformed, and dried 4°728 118°5 


This experiment shows in a striking manner the rapid increase in 
diastase when the leaves are cut and placed in obscurity at a time 
when they are full of newly-assimilated products. 

The application of the iodized-chloral test indicated a very con- 
siderable reduction in the amount of starch as the diastase increased, 

(a) Did not contain less starch than those portions of the leaves 
which had been immersed in alcohol for purposes of comparison ; 
(b) contained considerably less starch than (a), owing to a continued 
metabolism during the early period of drying. 

In (c), which had been in the dark for 18 hours, the starch had 
completely disappeared, whilst the diastase had attained a maximum, 

It is only necessary to record the results of one more experiment 
of this kind te show how the gradual accumulation of diastase takes 


place in the leaf, pari passu with the depletion of the leaf in starch 
and other products of assimilation. In this case we used the entire 
plants of Hydrocharis Morsus-rane, which were grown in shallow tubs 
of water under perfectly healthy conditions. 

After the plants had been fully insolated, and the leaves were very 
full of starch, they were covered over, portions of the leaves being 
taken after they had been in darkness for 47 and 96 hours, 


Results of Experiments with Hydrocharis Morsus-rane. 
Increase in 
Diastatic diastase 
activity, per cent, 
1. Leaves after full insolation 0°267 vo 
a 0°476 78:2 
is ae - 3 « -e.- 0676 153°1 


In 2 the starch was about one-half of that in 1, whilst 3 con- 
tained, after 96 hours in the dark, but a mere trace of starch. 

We have now to consider what explanation can be given of thé 
accumulation of diastase in the leaf when the plant is placed in the 
dark. One pessible explanation is the following:—The protoplasm 
of all the assimilating cells of the er OR and of all the other’ 
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cells in which starch transitorily appears, may be supposed to be 
secreting a certain amount of diastase, this amount being constant 
under all conditions of insolation. As long as assimilation is going 
on with sufficient activity to maintain an excess of starch in the 
chloroplasts or amyloplasts, this diastase is being used up in re. 
dissolving the starch, and consequently does not tend to accumulate 
in the cell. Supposing, however, that the plant-is placed in the dark, 
or in such a feeble light that. assimilation cannot continue, then the 
starch diminishes in amount until it finally disappears, and there is 
in consequence a constantly diminishing draft upon the diastase, 
which now necessarily accumulates in the cell, not because it is pro- 
duced faster by the living elements of the cell, but because less is 
used up. The increase of diastase in the dark is, on the above 
supposition, due merely to demand being less than supply. 

One serious objection to this view is that the observed increase of 
diastase seems to be ont of all proportion to the amount of starch 
dissolved. If this were the correct explanation, we should expect the 
actual increase of diastase to be much less than it is. Moreover, 
this view supposes a constant formation and re-solution of starch 
going on simultaneously in the same cell, and it is very difficult 
to imagine that solid starch-granules can be deposited from some such 
pre-existent state as soluble-starch at a time when the cell contains 
far more than sufficient diastase to rapidly hydrolyse that starch. 
‘We are aware that Sachs has imagined such a constant flux of starch 
existing in every actively assimilating cell, but hitherto no sufficient 
proof, or in fact proof of any kind, has been forthcoming that deposi- 
tion and re-solution of starch can take place simultaneously within 
the same cell. Our own observations upon the comparatively large 
grained leaf-starch of Hydrocharis Morsus-rane, a plant well suited 
for such observations, are altogether opposed to this view of Sachs. 
In examining the leaf-cells ‘when assimilating vigorously, or after 
partial depletion in obscurity, wherever signs of dissolution could be 
detected in any single ‘starch-grain it was always possible to detect 
signs of action on all the other starch-grains lying within the same cell; 
in fact, no suggestion of ‘simultaneous solution and deposition in the 
same cell could ever be obtained. 

It is much to be desired that’ some expérienced botanist would 
undertake a series of observations upon this point. It is only by 
keeping under continuous observation the starch-grains of a living 
cell that the problem can with certainty be solved. For experiments 
of this nature it has been suggested to us, by Dr. Marshall Ward, that 
certain of the Filmy Ferns might be appropriate. The fronds of some 
of these, such as Hymenophyllum demisswm, are packed closely with 
chloroplasts containing relatively large spindle-shaped starch-grains, 
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and from the pellucid nature of the fronds and the fact that they 
consist of only one layer of cells, it certainly seems possible that the 
cell-contents could, by’a little careful arrangement, be rendered capable 
of continuous observation. 

Another more probable explanation of the observed increase of 
leaf-diastase in darkness was suggested by some observations which 
we have described in an earlier paper on the germination of the 
Graminese (44). We there showed that the scutellar epithelium is 
the diastase-secreting tissue par excellence of the embryo of the 
Grasses, and that this power of diastase secretion is inhibited in a 
very remarkable manner as long as the embryo is artificially supplied 
with solutions of certain natritive carbohydrates, and is not obliged 
in consequence to obtain its nourishment from the reserve-materials 
of the endosperm. We have given our reasons for believing that 
the faculty of secreting diastase is so adapted to the requirements of 
the young plant as to be only exercised when actually required, that 
is, when the supply of solublé nutriment is deficient. The secretion 
of diastase was in fact regarded as more or less of a starvation 
phenomenon. 

We believe that this is also the true explanation of the increased 

diastatic power of leaves when placed in the dark. As long as the 
conditions are favourable for assimilation, the leaf-cells are supplied 
with an abundance of newly assimilated materials, and so plentifully 
that the supply exceeds their powers of metabolism and transloca- 
tion. The excess of nutritive material is in part at least deposited as 
starch. -At this,period there is little or no elaboration of diastase by 
the protoplasm, probably none at all in those cells in which starch 
deposition is in active progress. When the light fails, and assimila- 
tion falls off, the living cells speedily use up or translocate the excess 
of the soluble assimilative products, e.g., cane-sugar, and begin to draw 
their supplies from the reserve of starch. To enable them to do this 
effectually, the somewhat starved protoplasm now commences to 
tlaborate the needed diastase more rapidly, and this secretion becomes 
still more marked as the starvation point of the cell is neared. 
» The. view we have expressed above is by no means unsupported by 
experimental evidence. We have already several times referred to 
the experiments of Béhm and of A. Meyer in which they were able 
to produce starch in the leaf chloroplasts in darkness, by supplying 
the leaves with various kinds of sugars. Exactly the same appear- 
ances are produced under these artificial conditions as when the leaf 
cells are naturally supplied with sugars which the chloroplasts have 
themselves formed ‘by assimilation. 

On fulty considering these experiments, and frequently repeating 
themh with’ sudvess, it’odcurred to us that they might be made to yield 
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results which were confirmatory or otherwise of the “ starvation 
hypothesis” we have enunciated above. 

At 9 a.m., on August 14, eight healthy leaves of Tropwolum majus 
were taken, and each leaf was divided into three equal parts, which 
were arranged in three equal series, a, b, and c, 


a. Dried at once for diastase determination. 

b. Cut into small fragments of about 1 sq. cm. area, and floated on 
water in the dark. 

c. Cut into fragments as in 2, but floated on a solution of 5 per 
cent. dextrose, also in the dark.* 


At the end of 24 hours 6b and c were washed and dried, and 
diastase determinations were made with all three samples. 


Diastatic activity 
(usual scale). 
a. Parts of leaves dried at once .. acces Saas 
b. - » floated on water for 18 hours. 4°461 
¢. - » floated on dextrose solution 
SG BE RUNGE ccccaccccciccesccscnoncses, SREB 


In the portion (c) which had been floated on dextrose solution, the 
mesophyll cells had received such an excess of nutriment as to 
deposit large quantities of starch in the chloroplasts, especially near 
the edges of the fragments, and this abundent supply of carbohydrate 
food had been accompanied by a marked decrease in the amount of 
diastase. On the other hand, the leaf fragments of b, which had 
been deprived altogether of nutriment, and had their mesophyll cells 
reduced to a state of starvation and autophagy by cultivation on 
water only, showed a very marked increuse in the amount of con- 
tained diastase. 

These facts all tend to show that the “starvation hypothesis” is 
capable of explaining the periodic fluctuation of diastase in the leaf, 
and we believe that when attention has been fully called to this 
explanation future research will extend its application to all cases of 
deposition and re-solution of starch within the vegetable cell, whether 
that starch be of a transitory or of a truly reserve nature.t 


* This experiment was repeated in duplicate upon carefully-measured pieces of 
leaf in order to correct for differences of weight when the diastase determinations 
were made. The differences were, however, too small to require correction for 
increase or decrease in weight. 

+ We believe that the “starvation hypothesis” will also be found capable of 
explaining several obscure facts in animal as well as in vegetable physiology, notably 
the deposition and dissolution of glycogen in the liver. By some physiologists it is 
believed that the small amount of glycogen-hydrolysing enzyme discovered in 
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8. Can Leaf-diastase act on Solid Starch ? 


We have now fully considered Wortmann’s first objection to the 
view that dissolution of leaf-starch in the living plant is conditioned 
by a soluble enzyme, an objection based upon the supposed fact that 
leaves contain little or no diastase, und we have shown that this part 
of his argument is certainly invalid. 

We must now consider how much weight must be attached to 
Wortmann’s other two objections, that, on the one hand, leaf-diastase, 
when it does occur, is of such a nature as to be incapable of acting on 
the solid starch-granule, and, on the other hand, that the conditions 
which arrest the respiratory functions of the cell always prevent the 
dissolution of the starch-granule. 

In his endeavours to ascertain if leaves ever contain a diastatic 
enzyme capable of attacking and dissolving the solid starch-granule, 
Wortmann, as in his other experiments, used the filtered aqueous 
extracts of leaves. These, as we have already pointed out, are con- 
ditions under which it is difficult to demonstrate even the existence 
of diastase. Ifa proper method of experiment is used, it is not diffi- 
cult to show that leaves contain a diastase fully capable, under 
favourable conditions, of attacking the solid starch-granules. 

Freshly pounded leaves of Helianthus tuberosus were mixed with @ 
little barley-starch, and the thin, soupy mass was digested at a 
temperature of 30—35°, with the addition of a little chloroform to 
prevent growth of microorganisms. 

Within a day or two, signs of dissolution were very evident in the 
case of the injured and broken granules, which were rapidly dis- 
appearing, and the same indications also became apparent soon after- 
wards in the intact granules, which, however, during dissolution, did 
not present the phenomena of pitting and corrosion so evident when 


the liver is altogether incommensurate with the discharge of glycogen from that organ, 
In fact, exactly the same arguments have been used against the view that: glycogen 
owes its dissolution to a special enzyme as have been used by Wortmann and others 
against the similar view that leaf-starch does not owe its dissolution to diastase. 

The attempts which have been made to demonstrate the existence of the glycogen- 
hydrolysing enzyme in the liver have only been partially successful, owing, in the 
first place to the imperfect methods of. procedure for isolating the enzyme, and, 
secondly, to the fact that these attempts have been generally made when the hepatie 
cells contain their maximum amount of glycogen; in other words, when the cells 
are well supplied with nutriment. The period when the search. for the glycogenic 
enzyme should be made is when the supply of carbohydrates in the portal blood is 
falling off in amount, and the hepatic cells are in consequence in process of consum- 
ing their reserve of glycogen. These are conditions of the. partial cell-stai vation 
which one might expect to be favourable for the maximum production of the 
mzyme in question, and. for the successful demonstration of its presence. 

VOL, LXUt, 2X 
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barley-starch is acted upon by malt-diastase. In this case, dissolu- 
tion commenced within the granule, the most watery layers being 
first attacked, and was accompanied by no marked erosion of the 
outer layers. It was only after the action had been continued for 
several weeks that any normally “ pitted” granules could be de. 
tected. 

In another experiment, air-dried Tropeolum leaves were pounded 
and mixed with water, to which had been added a mixture of the 
following starches: (1) wheat-starch; (2) buckwheat-starch; (3) 
barley-starch. In this and all other similar experiments, a little 
chloroform was used as an antiseptic, 

After digestion for three days, the wheat-starch and buckwheat- 
starch were much acted on, whilst the barley-starch resisted for 
24 hours longer, and it was from 10 to 11 days before the last. 
mentioned starch was acted on to any great extent. 

In ancther similar experiment, using the pounded air-dried leaves 
of Pisum sativum and wheat-starch at a temperature of 40°, a very 
decided action on the granules was visible within 48 hours. 

In these and many other similar experiments, the action on the 
starch-granule by the leaf-diastase was distinctly comparable in point 
of time with that produced under similar conditions by the diastase 
of germinated grain, but the rapidity of this action still fell short of 
that observed in the mesophyll of the living leaf when this is placed 
in the dark, 

When we attempt to imitate in vitro any of the chemical pheno- 
mena attending physiological processes, there is always a difficulty in 
obtaining conditions favourable for the carrying on of the reaction 
with anything like the readiness with which they occur in the living 
tissue, Nevertheless, in the particular case before us we have been 
able, to some extent, under well-selected artificial conditions, to 
approach the rapidity of dissolution of the solid starch-granule within 
the plant-cell. 

Of all the commonly known starches, that of buckwheat, Polygonum 
Fagopyrwm, resembles more closely in appearance and structure the 
transitory starch of leaves; and as, moreover, it has been shown, 
in the first place by Baranetzky, that this starch is most readily 
acted on by the diastase of germinating grain, it seemed to us 
favourable starch for determining the rapidity of action of leaf 
diastase, 

Some carefully prepared buckwheat-starch was digested with water 
for a day or two at 30°, to ensure its taking up the maximum amount 
of water possible. Some air-dried leaves of Piswm sativum, which 
‘had been proved to be highly diastatic, were finely powdered avd 
made up into a thin, soupy mass, (1) with water alone, and (2) with 
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water containing 0-006 per cent. of formic acid.* To each of these a 
little of the buckwheat starch was added, and the samples were 
digested at 30° under the usual antiseptic conditions. 

Within two hours there were distinct signs of action visible on the 
starch-granules in both cases, and further examination at 6 and 10 
hours from the commencement of the experiment showed a gradually 
increasing dissolution of the starch, which was decidedly more pro- 
nounced in the slightly acidified solution than in the other, to which 
no acid had been added. 

The action on the starch showed itself in both cases by the forma- 
tion in the first instance of a less refractive “ vacuole” in the centre 
of the granule, and from this radiating fissures gradually extended to 
the exterior, under the influence of which the granules were rapidly 
broken up and dissolved. Many of the granules were completely 
disintegrated and diesolved within 10 hours of the commencement of 
the experiment. 

The result of this experiment is as conclusive as it is striking. 
There can be no doubt that solid buckwheat-starch can be attacked 
by the diastase of some leaves with a rapidity approximating that 
under which the starch is observed to disappear in the living leaf- 
tissue, and that this action is favoured by a very slight acid reaction, 
such as vegetable cell-contents generally possess. These are facts 
strikingly inconsistent with Wortmann’s sweeping assertion that 
leaves contain no diastase capable of attacking solid starch. 

Attempts made in a similar manner to demonstrate the dissolution 
of the leaf-starch of any particular plant by the diastase of its own 
leaf were only partially successful. 

The starch of the Tropeolum leaf is apparently acted on only 
with considerable difficulty by its own diastase under artificial con- 
ditions, and this is true also of the comparatively large- damaent 
starch of Hydrocharis Morsus-rane.t 

Both these starches, and especially that of Hydrocharis, are, like 
potato-starch, very resistant to the action of malt-diastase, yet, 
notwithstanding this, the Hydrocharis leaf-starch is decidedly acted 
upon by the leaf-diastase of Pisum sativum, 


* It had been proved that acid of this great dilution was absolutely without any 
action on the starch-granule at the temperature of the experiment. 

t At the time these experiments were made it had not been recognised that the 
tannin of the Hydrocharis had such a marked inhibitory action on the diastatic 
function. The experiments require repeating with this in view. We think it 
probable that this leaf-starch will be found much more readily acted on than we 
Were led to believe. 
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9. How far is the Disappearance of Leaf-starch due to the Living 
Protoplasm ? 


It was doubtless his observations on the non-disappearance of the 
starch from a leaf when this was placed under conditions inimical to 
the respiration of the cell, which first led Wortmann to the belief that 
the dissolution of the starch is dependent solely on the action of the 
living protoplasm, and not in any way on the presence of a starch- 
dissolving enzyme. 

Although fully prepared to admit the accuracy of most of the 
experiments made by Wortmann in this particular direction, the first 
one which. he mentions as being favourable to his view is certainly 
open to much criticism. He states that he cut upa leaf of Helianthus 
containing abundance of starch, and that, after placing the moistened 
fragments in the dark for 17 hours, he found none of the starch 
had disappeared from the mesophyll. From this he concludes that 
the disappearance of starch under normal conditions is directly 
dependent upon the transport of starch from the leaf, and points ont 
that this should not be the case if the solution of starch is brought 
about by an enzyme. . 

We have frequently repeated this experiment with cut leaves of 
Tropeolum, with quite different results. It is true that the disappear- 
ance of starch from a cut leaf, either when this is entire or divided 
into numerovs pieces, is not so rapid as when the leaf remains attached 
to the plant, but solution of starch undoubtedly takes place under 
these conditions, and often to a very considerable extent. 

Wortmann’s experiments which show the non-disappearance of 
starch from the leaf when plants are placed in an atmosphere of 
carbon dioxide are very important, as are also those which show that 
the depletion of the leaf in starch goes on with much less rapidity 
if the respiration of the cells of the petiole is seriously interfered 
with by covering the epidermis with an impervious varnish. 

We have not repeated the experiments in this form, since, whilst 
fully accepting their accuracy and admitting that they are suggestive 
of the conclusions drawn from them by Wortmann, we do not think 
they afford the absolutely conclusive evidence which their author 
attributes to them, and for the following reasons :— 

When the leaf-cells are bathed with carbon dioxide, as in Wort- 
mann’s experiments, all their metabolic processes must entirely cease, 
and consequently the diastase within the cell necessarily becomes 
fixed in amount, this amount of enzyme being, as we have seen, at & 
minimum when the mesophyll is fully charged with starch. 

As leng as there is a deficiency of oxygen for the normal respit} 
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tin of the cell, both metabolism and transference of already meta- 
bolised products from cell to cell must be arrested; but since the 
protoplasm is not necessarily killed by this temporary deficiency of 
oxygen, the primordial utricle is not readily permeable, even to 
highly diffusible bodies, such as the crystallisable products of starch~- 
transformation. 

It seemed, therefore, under the conditions of Wortmann’s experi- 
ments, that little or no disappearance of starch would be likely to 
take place, even if its solution was conditioned by a mere chemical 
function of a portion of the cell-contents, t.c., the action of an 
enzyme; for it is manifest that, under these artificial conditions, 
the products of dissolution would speedily accumulate in the cell, and 
thus tend to retard further action. 

It appeared to us that it would be better, in approaching this part 

of our subject experimentally, to treat the leaf-tissue by some method 
which, whilst exerting little or no inhibitory influence on any con- 
tained enzyme, would at the same time actually kill the protoplasm, 
and bring it into such a condition that the products of starch hydro- 
lysis could readily pass outwards when the conditions for such dif- 
fusion were made favourable. 
. Our first experiments in this direction were made upon the leaves 
of Tropeolum majus, plucked after full insolation, and immersed in 
alcohol for a few hours. When half-leaves, so treated, were well 
washed with water, and placed in a moistened state at 30—35°, or 
floated in water at a similar temperature, they could never be induced 
to show a diminution in their contained starch within any time at all 
commensurate with that in which complete dissolution takes place in 
the still living leaf after it has been plucked. 

As we have already noted the fact that the diastatic function of 
leaves is materially lessened by contact with alcohol, this method was 
not considered satisfactory ; consequently, in another series of experi- 
ments, the leaf was first killed by placing it for about two hours in an 
atmosphere well charged with chloroform vapour. Half of each leaf 
was then marked and placed at once in alcohol for comparison, whilst 
the other half-leaves were treated for varying periods under such 
conditions of moisture and temperature as were considered suit- 
able for bringing about the dissolution of the starch by any diastase 
contained in the tissue. The experiments were varied by floating the 
leaves on, or immersing them in, water containing a little chloroform. 

Although very numerous trials were made in this manner with 
leaves of Tropeolum, Hydrocharis, and Pisum sativum, we never suc- 
ceeded in satisfactorily demonstrating any distinct dissolution of 
starch in the killed leaf, unless temperatures were employed approach- 
ing the gelatinising point of the starch, a condition so far removed 
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from any occurring in nature, that we need but make a passing 
allusion to it. 

Since diastase, as we know it outside the plant, is very indiffusible, 
it seems tolerably certain that any enzyme action in the dead leaf- 
‘cells, under the conditions we have just described, must be confined 
to the particular cells in which the enzyme occurs at the time the 
vital processes of the leaf are arrested. In the case of the living 
plant, the movements of the protoplasm, and its continuity from cell to 
cell, must facilitate the transference of enzymes, a transference which 
must cease after the life of the cell-aggregate has been destroyed. 

Bearing this in mind, and also the important fact that cells fully 
charged with starch contain little or no diastase, it seemed necessary 
to repeat the above experiments on leaves which were in process of 
depletion of their starch, and in which it was, therefore, fair to 
assume that all or most of the cells contained diastase. 

Leaves of Tropwolum and of Hydrocharis were consequently par- 
tially depleted of their starch in darkness, after full insolation, the 
depletion being, in some cases, allowed to take place with the leaves 
still attached to the plant, in others after the leaves were plucked. 
Here again, after chloroforming the leaves and placing them under 
the most favourable conditions for inducing dissolution of the re- 
maining starch, no indication of such an action could be obtained. 

Apart entirely from any metabolic function of the cell, it is evident 
that the starch-grains embedded in the chloroplast of a living leaf- 
cell, whilst still surrounded and carried along by the streaming proto- 
plasm, must be placed under conditions far more favourable to the 
action of any enzyme which the cell may contain than is the case 
when all motion of the protoplasm has been arrested by limitation of 
oxygen or any other means. In this latter case, if the enzyme is to 
reach the starch at all, it must be by a process of diffusion through 
the protoplasm, and more or less of the chloroplast itself. 

It seemed, therefore, just possible that the negative results we have 
described might, after all, be attributable to the inability of the 
highly colloidal diastase to gain access to the starch, by the process of 
diffusion, with sufficient rapidity to make its presence apparent. 

Hitherto we have not been in possession of any data enabling us 
to form an opinion upon the probability of this being the case. As 
it is here not a question of the rate of diffusion through a cell-mem 
brane, but through the viscid protoplasm itself after death, we 
thought that an approximate solution of the problem might be ob- 
tained by determining the rate of diffusion of diastase in a gelatin 
mixture of sufficient strength to remain solid at ordinary temperatures. 

To a 3 per cent. gelatin solution, which was on the point of solidi- 
fying, a small quantity of buckwheat-starch was added, the starch 
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being well distributed through the mixture, which was then allowed 
to solidify in small beakers. This particular starch was selected, 
owing to the rapidity with which it is visibly acted upon by diastase. 

A cold, aqueous infusion of malt had been meanwhile prepared, by 
digesting 100 grams of finely-ground malt with 250 c.c. of water for_ 
% hours. A portion of the filtrate from this was mixed with its own 
volume of a 6 per cent. gelatin solution, and when the resulting 
mixture, containing 3 per cent. of gelatin, was on the point of solidi- 
fication, it was poured on to the mixture of starch-gelatin. When 
completely set, there was a perfectly sharp line of division between 
the malt-extract gelatin above and the starch-gelatin below. 

When the experiment had been continued sufficiently long, the 
small beaker containing the mixture was placed for a little time in 
ice-cold water to render it as hard as possible, and the jelly was 
turned out and cut into vertical prisms. The extent of the diffusion 
of diastase from the upper layer into the lower was determined by 
ascertaining microscopically the distance through which the starch- 
granules exhibited any visible action, This will, of course, be, strictly 
speaking, somewhat less than the distance penetrated by the diastase, 
but very little, as we are dealing with a starch which is acted on very 
quickly. 

When the experiment was to be continued for more than 24 hours, 
both gelatin mixtures were rendered antiseptic with a little thymol or 
chloroform. 

In an experiment conducted on these lines, we found that in 
22 hours the diastase had penetrated into the lower layer exactly 
3mm., the diffusion having been at an average rate of 0°/36 mm. per 
hour. This rate of diffusion of the diastase was maintained with 
great uniformity for the five days during which the experiment lasted. 
At the end of 117 hours the diastase had penetrated to a total depth 
of 17 mm., which gives an average rate for the whole period of 
0145 mm. per hour. 

In another experiment, using a solution of precipitated diastase 
instead of malt-extract, the average rate of diffusion was 0°06/ mm. 
per hour, or about half that of the more active transforming agent of 
malt-extract. 

The rate of diffusion of diastase through a semi-solid gelatin mix- 
ture is considerably more rapid than we expected to find it, and if, as 
seems probable, the diffusion of the enzyme through the dead proto- 
plasm and contents of the cell-vacuole proceeds with anything like the 
same facility, it is evident that we cannot attribute the non-disappear- 
ance of starch from chloroformed leaves to the colloidal nature of 
the leaf-diastase. This is rendered still more evident if we consider 
the maximum distance through which any part of the enzyme would 
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have to travel for equal distribution through the palisade-cell of a 
Tropeolum leaf. The longer dimension of such a cell is abont 
Ol mm., and the shorter 0°025 mm., so that, under the ordinary 
physical laws regulating the diffusion of diastase, a particle of this 
enzyme would be able to traverse the dead cell from end to end in a 
little more than half an hour. 

Taking the whole of the evidence into consideration, we are com. 
pelled to admit that, at any rate, the first stages of the action on the 
starch-granules of a leaf are dependent upon the life of the proto- 
plasm ; but when we review all the facts, and give due weight to 
(1) the constant and abundant occurrence of diastase in leaves ; (2) the 
apparent dependence of this diastase upon the occurrence of starch; 
(3) the remarkable periodicity of the increase and decrease of diastase; 
and (4) the correlation of this periodicity with the appearance and 
disappearance of starch, we certainly cannot accept Wortmann’s view, 
that the dissolution of starch in the leaf is in no way conditioned by 
a starch-dissolving enzyme. 

It 18 true that the starch-granules which ocvur in leaves, whilst 
eapable of being attacked by some forms of leaf-diastase, show, as a 
rale, a great initial power of resistance to the hydrolysing influence of 
their own diastase. We know that some starches, e.g., that of the 
potato, as long as their granules are intact, exhibit a similar resist- 
ance to the attack of even such active forms of diastase as those of 
germinating cereals. Yet the recent experiments of Prunet (61) 
leave but little doubt that during the growth of the potato-tuaber 
diastase plays an important part in dissolving the reserve-starch. The 
initial resistance of many starches to dissolution seems to be due to 
some slightly different physical or chemical property in the outer 
layers of the granule, for when the granules are broken or injured in 
any way, even the most highly resistant starches give way to the 
solvent action of diastase (Brown and Heron, Trans., 1879, 624). 

This appears also to be the case with the leaf-starch of the plants 
we have examined; the first attack on the starch-granule has ap- 
parently to be made by the living elements of the cell, but although 
the vitality of the protoplasm may be essential to the commencement 
of the action, it seems almost certain that the hydrolysis of the starch- 
substance when it has been brought down to the stage of soluble- 
starch is continued and finished by the enzyme.* 

If it is a fact that diastase plays an important part in breaking 


* The comparative stability of the starch-granule when once formed within the 
cell, and the necessity for some direct influence of the protoplasm upon it before it 
ean be brought under the chemical action of the enzymes of the cell, must be of 
distinct economic advantage to the plant, and has probably been a by no means un 
important factor in determining plant evolution. 
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down the starch of the living plant, it is manifest that we ought to 
find evidence of the existence of maltose in the leaf at certain periods. 
- The proof of this we have given in the second part of this paper. 
We look upon it as a fact of the highest importance, and one which, 
in conjunction with the other evidence we have given, establishes 
almost beyond doubt the view that the dissolution of starch in the 
leaf is mainly conditioned by a soluble enzyme, diastase. 


Part I].—Tuse Soaars or THe Lear, 


10. Historical. 


Tt has long been known that foliage leaves contain a small but 
variable amount of a substance capable of reducing Fehling’s solu- 
tion, and it has generally been assumed that the reducing substance 
is a sugar, although but very little evidence of this has ever been 
forthcoming. 

Miiller-Thargau showed, in 1882 (26), that the amount of cupric- 
reducing substance, under certain conditions, increased in quantity in 
the leaf as the starch diminished, but the whole question of the nature 
of the cupric-reducing compounds of leaves has uever been sub- 
mitted to anything like an accurate investigation. 

In 18838, R. Kayser (27), in a paper dealing with the occurrence in 
the plant orgars of cane-sugar, and its products of transformation, 
attempted to separate the sugars present in the leaves of the vine, 
beet, and several other plants. The mixed sugars, which were found 
in the filtrate from the cell-sap after neutralising and precipitating 
with lead acetate, were examined by determining the cupric-redncing 
power of the liquid before and after inversion with an acid, the re- 
sults being calealated for cane- and invert-sugar. An independent 
proof of the existence of cane-sugar in leaves was given by actually 
crystallising it out, and determining its opticity. Kayser considered 
that both his chemical and microchemical results indicate that the 
leaf-starch is converted into cane-sugar by a diastatic ferment, and 
that this cane-sugar is inverted during its wandering through the 
vessels of the leaf. 

In discussing the manner in which the assimilated starch of the 
shlorophyll is carried into the petioles and stems of plants from the 
leaves, Sachs, in his 1884 paper (32), discusses the question of the 
chemical condition of the solution products. He has no new experi- 
mental facis to offer, but considers that the opinion which he has 
advocated for many years, and which is generally received, is the 
correet one, viz, that the wandering form of the starch is sugar. 

' This opinion is, as we have before stated, entire] y based on the re- 
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duction of Fehling’s solution, and assuming the reducing body to ba 
a sugar, Sachs has given the results of observations indicating the 
variable quantity of sugar met with in the leaves under different con. 
ditions. He states that, in the case of vigorously growing leaves like 
those of potato, gourd, &c., but little or no sugar is found when the 
leaves are attached to the plant and are being actively depleted of 
their starch, but that the sugars accumulate if the leaves are plucked 
and placed with their petioles in water, since under these conditions 
the prodacts of dissolution of the starch cannot escape from the 


leaf. 

In his important paper of 1885, A. Meyer (34) seriously attempts 
to investigate the nature and amount of the sugars of the leaf, und to 
ascertain if the leaves of plants like Allium Cepa, which store no 
starch in their leaves, contain any other cupric-reducing carbohydrates 
at all comparable in amount with the starch of other leaves. The 
soluble carbohydrates were determined in the leaf-sap by ascertaining 
the reducing power before and after boiling with hydrochloric acid, 
and were expressed as “reducing” and “non-reducing” carbohydr- 
ates. The numbers which Meyer obtained indicate the interesting 
fact that the leaves of plants which store starch abundantly contain 
comparatively little of the reducing and non-reducing soluble carbo- 
hydrates, whilst on the other hand, leaves of plants like Gentiana 
lutea, Iris germanica, Alliwm Cepa, Asphodelus luteus, &c., which 
store little or no starch, accumulate relatively large stores of soluble 
reducing substances which are probably glucoses. The appearance 
and disappearance of these leaf carbohydrates when the plants are 
insolated or placed in darkness appear to be regulated by the same 
law as those which condition the appearance and disappearance of 
starch in other leaves. _ 

In his attempt to determine the nature of the carbohydrates stored 
up by the leaves of Allium Porrum, Meyer gives the first proof of the 
existence of true sugars in the leaf. From the expressed sap of 
20 kilos. of leaves he obtained, by means of a process based upon pre- 
cipitation with ammonia and lead acetate, a sweet, transparent mass 
which could not be induced to crystallise. It possessed an optical 
activity of [@]p —20°, approaching that of invert-sugar, but neither 
dextrose nor levulose could be obtained from it. In cupric-reducing 
power this substance agrees pretty well with dextrose. It yielded 
with phenylhydrazine a crystallisable compound melting at 204°. 

From the leaves of Yucca filamentosa, Meyer obtained a body which 
he shows to be identical with the sinistrin of Schmiedeberg. From 
its described properties it is evidently inulin, which, in the leaf of the 
Yucca, takes the place of starch as a transitory reserve substance. 

- In 1885, Schimper (35), from his observations on various leaves and 
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the way in which they form starch when they are supplied artificially 
with solutions of sugars, concludes that the formation of glucose pre- 
cedes that of starch in the process of assimilation, and that the starch 
is formed out of this glucose when the quantity of sugar in the cell 
exceeds a certain maximum, differing according to the kind of plant. 

Keim, in 1891 (52), estimated the sugars in the leaves of the cherry. 
As this sugar was not found to reduce Fehling’s solution until after 
inversion with acid, it was assumed to be cane-sugar. ' 


11. The Sugars of Troprolum majus. 


As there seemed to be every probability that the sugars of foliage 
leaves vary considerably in their nature, there appeared to be a 
better chance of arriving at some conclusions as to the genetic rela- 
tions of the various sugars to each other and to the starch if we con- 
fined our attention to the examination of the leaves of a single species 
of plant. 

After some preliminary experiments with the leaves of potato and 
Helianthus tuberosus, it was finally decided that the leaves of T'ro- 
peolum afforded, on the whole, the best opportunity of investigation 
in this particular direction. Accordingly, during the summer and 
autumn of last year, we cultivated a considerable quantity of Tro- 
peolum majus, and with the leaves of this plant most of our experi- 
ments were conducted. 

Besides ascertaining the nature of the sugars in the leaf and their 
variations in amount, when the leaf was placed ander special con- 
ditions, we hoped to discover the relation which each sugar bears 
to the primary assimilation products on the one hand, and to the 
leaf-starch on the other; to determine, in fact, which are the “ up- 
grade” sugars towards starch, and to see if any indications were 
forthcoming of the existence in the leaf of “ down-grade” sugars 
proceeding from the hydrolysis of starch, a fact of very great import- 
ance as bearing upon the physiological mechanism involved in the 
dissolution of starch in the living cell. It seemed probable also 
that the observations on the “down-grade” sugars might serve to 
support or not, as the case might be, the supposition of Sachs that 
the starch is in a continual and rapid state of flux, that, in fact, all the 
products of assimilation necessarily pass through the form of starch.: 

It was also expected that some light would be thrown upon the 
particular form in which the sugars wander from cell to cell in their 
passage out of the leaf into the stem, and upon the nature of the 
sugars which contribute the most readily to the processes of respira- 
tion and to new cell growth. 

Although our experiments, as far as they have gone, have by no 


662 .BROWN AND MORRIS: THE CHEMISTRY 


means satisfactorily cleared up all these important points, we think 
we have, at any rate, indicated a probable solution of some of the 
problems, and that if the methods we have employed are carried out 
with the necessary care and patience by those who follow us, we shall 
obtain a much more complete knowledge of the complex metabolic 
processes of the leaf than we possess at the present time. 

The only sugars which we have been able to discover in the leaves 
of Tropewolum are cane-sugar, dextrose, levulose, and maltose.* The total 
weight of the sugars, like that of the starch, is exceedingly variable in 
amount, and the proportion which the various sugars hold to each 
other is also subject to great fluctuations. 

In the preliminary experiments made with the leaves of potato 
and of the Jerusalem artichoke, the expressed juice of the leaf was 
experimented upon, but as it was found that some of the sugars 
underwent a change during the preparation of the sap, and also that 
there was a difficulty in caleulating the sugars back upon the dry 
leaf, this method was soon abandoned for the one which we now 
describe in detail. 

The leaves are dried on wire-bottomed trays, ranged one above the 
other in an oven heated by steam. This process must be accom- 
plished rapidly, and without allowing any opportunity for a continua 
tion of the vital processes of the leaf. 

The thoroughly dried leaves, reduced to a powder, are first com- 
pletely extracted with ether, to remove fat and chlorophyll. A 
weighed quantity (generally 10 grams) is then extracted with about 
5V c.c. of 80—85 per cent. alcohol for 24 hours at 40—45°. The 
alcoholic extract is poured off through a filter, and the residue ex: 
tracted a second time with a similar quantity of alcohol. At the end 
of a further period of 24 hours, the liquid is again poured off, and the 
residue is thoroughly washed with warm alcohol by decantation. From 
the extract and washings the spirit is then distilled off, after the 
addition of a couple of drops of ammonia, to prevent any invertive 
action of the vegetable acids. The residue from the distillate, after 
the addition of water, is evaporated, to drive off all the alcohol, and 
is poured into a 100 c.c. flask; 1 ¢.c. of a strong solution of basic lead 
acetate is added, and the whole is made up to 100 c.c. 

A small quantity of a dark, slimy matter separates on distilling and 
evaporating the alcoholic extract, and unless a little basic lead acetate 
is added, filtration is only effected with extreme difficulty. The lead 


* Amongst other sugars for which the alcoholic extract was exaniined were the 
pentoses and substances yielding pentoses on hydrolysis ; but it was found, on dis 
tilling a solution of the leaf-sugars with strong hydrochloric acid and testing the 
distillate for furfuraldehyde, that only the very slightest coloration was given with 
aniline acetate, thus showing the absence of any carbohydrates of the pentose group. 
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acetate also serves to remove the tannin taken up by the alcohol from 
the leaves, which would affect the subsequent determinations. 

Experiment showed that the evaporated alcoholic extract gave a 
strong tannin reaction with iron salts, but that after treatment with 
basic lead acetate, no trace of tannin could be detected. The amount 
of tannin present in the leaves of Tropeolum is not very large, but 
in some leaves, as we have already stated, it is present in considerable 
quantity. 

The precipitate produced by the lead acetate is filtered off, and the 
filtrate, after its’ volume is noted, is treated with SH,; the preci- 
pitated lead sulphide is then filtered off and washed, the filtrate and 
washings are evaporated to remove SH,, and the residue is made up to 
the original volume. 

The liquid thus obtained (usually 90 c.c.) contains the sugars from 
10 grams of leaf in a state fit for determination ; this is conducted as 
follows :— 

1. The opticity and'cupric-reducing power of the solution are deter- 
mined in the usual manner. 

2. A portion of the solution is inverted with a little prepared 
invertase at 50—55°, and the opticity and cupric-reducing power are 
again determined. 

3. Another pcrtion of the solution is digested with HCl in a water- 
bath, and the opticity and reducing power are again determined after 
three hours. In this part of the process the proportions recom- 
mended by Elion for the inversion of maltose were employed, viz., 
50 c.c. of the 1 per cent. solution with 3 c.c. of concentrated HCl for 
three hours, the solution being then neutralised with sodium hydrate 
and made up to 100 c.c. 

The inerease in reducing power and deerease in opticity in (2), on 
treatment with invertase, give the amount of cane-sugar present. 

The increase in reducing power and decrease in opticity in (3), on 
inversion with acid, give (after allowing for the cane-sugar already 
determined) the maltose. 

We have here also sufficient data for calculating the amount of 
dextrose and levulose. 

The method of caleulation is somewhat complicated, and will be 
best understood from an actual example. 

10 grams of dried Tropeolum leaves were treated as above, and the 
extract containing the sugars was made up to 100 c.c. 

1. The original solution gave 


a. Optical activity in 100 mm. = +0°7 division. 
b. 100 c.c. reduced 1°397 grams CuO. 


2. After inverting with invertase :— 
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a. Optical activity in 100 mm. = —0°65 division, 
6. 100 c.c. reduced 2°544 grams CuO. 


3. After inversion with acid and correcting for dilution :— 


a. Optical activity in 100 mm. == —0°80 division. 
b. 100 c.c. reduced 2°662 grams CuO. 


The cane-sugar can be calculated in the first place from the differ. 
ence in cupric-reducing power between (1) and (2). 


2°544 — 1397 = 1147 grams CuO, 


Since 1 gram of cane-sugar yields 1°052 grams of invert-sugar, 
which will reduce 2°321 grams of CuU, the amount of cane-sugar in 
the 100 c.c. of solution will be expressed by the fraction 1'147/2°321 
= 04942 gram. 

The inversion of this amount of cane-sugar would require a fall in 
opticity of 1-26 divisions of the scale of the polarimeter, and in the 
above experiment we found an actual fall of 1°35 divisions, so that 
the correspondence of the indications given by reduction and opticity 
is sufficiently close. 

The maltose is calculated from the increase in cupric-reducing 
power between (2) and (3), thus:— 

The actual increase in reducing power per 100 c.c. is 2°662 — 2°544 
= 0118 gram CuO, and the maltose present in 100 c.c. of the ori- 
ginal solution is 0°118/0'976 = 0°121 gram, 0°976 representing the 
difference between the amount of CuO reduced by 1 gram of maltose 
and the CuO reduced by a quantity of dextrose, 1052 gram, derived 
from 1 gram of maltose by hydrolysis. 

The amount of maltose indicated by reduction, 0°121 gram per 
100 c.c., requires a fall in opticity on hydrolysis of 0°28 division in 
the 100 mm, tube, 0°121 x 2°35. This number 2°35 is the differ- 
ence between the opticity due to 1 gram of maltose per 100 c.c., as 
against that due to 1052 grams dextrose under similar conditions. 
The actual fall in opticity was 0°15 division.* 

Having now determined the amounts of cane-sugar and maltose, it 
remains to ascertain the nature of the other sugars present in the 
original extract, and contributing their share to the total opticity and 


reducing power. 
‘ It is manifest that the total opticity and reducing power of the 


* The fall of angle on inversion with acid was, for some unexplained reason, 
always somewhat less than it ought to be on the supposition that it was due only to 
the hydrolysis of maltose. This probably indicates the presence of a smill quantity 
of a hydrolysable substance other than maltose, and with a less optical activity. 
The evidence of the existence of maltose is, as will be shown later on, not confined 


to these analyses, . 
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sugars other than maltose and cane-sugar can be obtained by calen- 

lating, in the first place, the opticity due to the observed amounts of 

cane-sugar and maltose, on the one hand, and the cupric-reduction due 

tothe observed maltose, on the other, and then deducting these values 

from the total opticity and reducing power of the original solution, 
The constants used in the calculations are as follows, 


1 gram maltose reduces 1345 grams CuO. 

i. - per 100 c.c. gives in the 100 mm. tube a rotation of 
3°905 scale-divisions. 

1 gram of cane-sugar under similar conditions gives a rotation of 
1-92 scale-divisions. 


Original opticity of solution in 100 mm..,, 0°7 divisions, 
Opticity due to 0°121 gram maltose = maul 1-42 
a » 0494 ,, cane-sugar= 0°948 - 


Opticity of other sugars ........eee06. —O'72 | ” 
Original cupric redaction of 100 c.c. of solu- 


COM coccccccccceee'see'e’e's 1:397 gram CuO, 
Cupric reduction due to 0'121 gram maltose 07163 __,, Se 


Cupric reduction due to other sugars...... 1234 ,, = 


We have thus obtained an expression of the opticity and reducing 
power of the sugars other than cane-sugar and maltose,.and since 
these sugars gave with phenylhydrazine acetate a glucosazone which 
did not differ from that given by dextrose or levulose, and, moreover, 
we were unable in these mixed sugars to obtaim indications of any 
substance other than dextrose and levulose, we are justified in cal- 
culating the composition of these residual sugars in terms of these 
bodies. 

The opticity in 100 mm. of —0°72 division, and the cupric reduc- 
tion of 1:234 grams CuO per 100 c.c., point to a composition of * 


* The formula used in this calculation is as follows ;— 
Let + = dextrose, 
y = levulose, 


Then (1) 2°2052 + 2°205y = grams of CuO reduced per 100 c.c, 
(2) 1482 — 276y = opticity in scale divisions in 100 mm, tube, 
This simplified gives— 
y = CuO x 01583 — opticity x 0°2358, 


In the above the opticity of 1 gram dextrose per 100 c.c. is, in the 100 mm. tube 
1°48 scale divisions, whilst —2°76 is a similar value for leyulose, The amount of 
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Dextrose 0°1946 gram per 100 c.c. 
Levulose *. } ” ” 
We have now reached the following final expression of the com. 
position of the sugars in the original solution, expressed in grams per 


100 c.c. 
Cane-sugar 
Dextrose 


Since the solution contains the sugars derived from 10 grams of 
dried leaves, the percentage of sugars in the leaf of this particular 
sample of Tropaolum is 

Cane-sugar 
Dextrose . 
Levulose 


In delieate experiments-of this kind, of course very mach depends 
upon the degree of accuracy with which polarimetric readings can he 
made. The instrument we employed was a “ half-shade” polarimeter, 
with which the error of reading, when a clear colourless solution was 
taken, certainly did not exceed 0°05 of a scale-division. 

The cupric reductions were all made in duplicate, and even then 
were often repeated, to ensure the greatest possible accuracy. The 
conditions under which the reducing powers were determined were 
similar to those we have described in our previous papers. 

As an example of the concordant results which this method gives, 
when care is taken, we append the results of two separate analyses, 
A and B, of the’same sample of the dried leaf of Tropeolum majus. 


Percentages of Sugars in Tropeolum leaf. 


B. 
3°39 


. 241)7,. 
Levulose leon \ #30 
Maltose ‘76 0°61 


8°59 


CuO reduced by 1 gram of levulose bas, for the sake of simplicity, been assumed 
to be the same as that reduced by 1 gram of dextrose (2°205 grams), but we are 
not prepared to admit that these factors are strictly identical. 
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Although the analytical details which we have given of the deter- 
mination of the leaf-sugars leave but little doubt that maltose is 
present in the leaf in variable quantities, it seemed desirable, never- 
theless, in view of the immense importance which must necessarily 
be attached to the existence of this product of starch-hydrolysis, te 
obtain more direct evidence of its presence. 

When the solution of the mixed leaf-sugars obtained from a sengh 
quantity of dry leaves of Tropeolum (200 to 300 grams), as described 
above, is treated with phenylhydrazine acetate, an abundant crop of 
crystals of glucosazone is obtained after digection of the mixed liquids 
on the water-bath in the usual way. On filtering off the separated 
osazone, and allowing the filtrate to cool slowly, a crop of character- 
istic clusters of fine acicular crystals, resembling maltosazore in all 
respects, separates out. These two osazones were purified by recrys- 
tallisation from alcohol, in which solvent they exhibited the charac- 
teristic behaviour of glucosazone and maltosazone respectively, and 
the nitrogen was determined in each by Dumas’ method. The follows 
ing results were obtained :— 


lst precipitate gave 15-71 per cent. nitrogen. 
2nd ” ” 11-21 ” ” 


Glucosazone requires 15°64 per cent. nitrogen. 


Maltosazone ,, 10°77 Ra a 


T2ese numbers supply undoubted proof of the existence of malfose 
in the leaf-sugars, and its presence was still further confirmed by 
treating a solution of the mixed sugars, after complete inversion with 
invertase, with separated glucase. This is an enzyme discovered by 
Cuisinier in maize, and and which has the power of hydrolysing 
maltose to dextrose (compare Morris, 7'rans. Inst. of Brewing, 1893, 
6, 132). 

So far as is known, glucase has no hydrolytic action upon any other 
carbohydrate than maltose, so that an increase in cupric-reducing 
power in a solution digested under favourable conditions with glucase 
may be taken as a pruof of the existence of maltose in the solution. 

When the mixed sugers ot 7’ropeolwm, after inversion with inver- 
tase, were digested with glucase at the optimum temperature, there 
was always a very large increase in cupric-reducing power, amount- 
ing generally to about 75 per cent. of the increase observed on digest- 
ing the same solution with dilute acid at 100° as previously described. 

The importance of these cumulative proofs of the existence of 
maltose in leaves cannot be over-rated from a physiological point of 
view. It renders it almost certain that the dissolution of the starch 
of the leaf-chloroplasts is brought about by the hydrolysing enzyme 
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diastase, which we know is contained in the leaf-cells at the time the 
starch is disappearing, and that, at any rate, in the later stages of its 
dissolution, the disappearance of the starch need not be attributed to 
the obscure “ vital ” processes of the protoplasm. 

As an indication of how variable is the amount of leaf-sugars in 
the same plant, we append another analysis of the leaves of Tropao. 
lwm plucked early in the day. 


Percentage of sugars 
on dry leaf. 


Cane-sugar ..... cocccccccecece 
Dextrose..... Rconcessonsecedpe 
Levulose....... ben cncenssewnes 


Total leaf-sugars 


We now commenced a series of experiments designed with a 
special view to throw some light upon the genetic relations which 
the sugars bear to each other on the one hand, and to starch on the 
other. It was hoped that it might be possible to determine which 
sugar or sugars stand between the first products of assimilation and 
starch, and which of them must be regarded as derived from starch, 
either by direct chemical transformation or by intermediate meta- 
bolism. In other words, we sought to know which are the “ up- 
grade” sugars towards starch, and which are the “ down-grade” 
sugars derived from its solution and metabolism. 

It was also hoped that some light would be thrown upon the posi- 
tion which cane-sugar occupies amongst the metabolites of the leaf, a 
position which is at present very obscure. 

A considerable number of leaves of T'ropeolum majus were picked 
at 5 a.m.on August 23rd, and were at once divided into two por- 
tions, a and 6. Portion a was quickly dried in the steam chamber, 
whilst the cut leaves of 6 were placed with their petioles in water, 
and were exposed to sunshine for 12 hours. This was effected in 
water-tight wooden trays, with coarse wire gauze stretched over the 
top. ‘Through the openings in the gauze the leaf-stalks were passed 
into the water below, the leaf-lamine being arranged so as not to 
overlap each other. 

After exposure to sunshine for 12 hours, the leaves of 5 were also 
quickly dried. 

Another portion of leaves, c, which had been insolated also for 
12 hours, but in this case, whilst still attached to the plant, were 
also picked at 5 p.m. and dried. 

The starch and sugars in these three samples of leaves were deter- 
mined in the manner described. 
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a. Picked from plant at 5 a.m. 
b. Plucked leaves insolated on trays until 5 p.m. 
c. Leaves plucked from plant at 5 p.m. 


Day fairly bright and sunny. 


I. Results of Analysis expressed in percentages on the Dry Leaf. 


é. e. 
3°91 4°59 


Cane-sugar........ 4°65 8°85 3°86 
Dextrose 1-20 0:00 
Levulose “§ 6°44 0°39 
Maltose . ; 0-69 5°33 


Total sugars percent. 969 1718 958 


In another experiment the leaves of Tropwolum were plucked at 
94.m. on a dull morning, and a further quantity was picked after insola- 
tion on the plant for seven hours, the day being bright and sunny. 


a. Leaves picked at 9 a.m. 
b. Leaves picked at 4 p.m. 


The following numbers were obtained on analysis :— 


II. 


; é. 
TE coscecos : 4°22 


Sugars— 
Cane-sugar ; 8-02 
Dextrose . 0°00 
Levulose oé ; 1:57 
Maltose ....... Heeceed 3°62 


Total sugars per cent..... 11°74 13°21 


In Exp. I we see that in the cut leaves, b, which were insolated on 
the tray, the starch, although it has increased considerably in amount 
over a, has not reached that of the leaves c, which had been insolated 
for a similar period whilst still attached to the plant. This we have 
always found to be the case in our experiments; the production of 
starch in the cut leaf not going on with the same energy as it does 
wheu the leaf is still attached to the plant. This result is somewhat 
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contradictory to those recorded by Sachs, who, however, relied 
entirely upon the iodine-test for a rough estimate of the starch present. 

But although the starch does not accumulate so fast in the cut 
leaf as it does when the leaf is on the plant, a further consideration 
of Exp. I shows that this is not the case as regards the sugars, but 
that these accumulate considerably in the leaf when their passage 
through the petiole into the stem is no longer possible. 

We have already called atténtion to the great increase which takes 
place in the weight of a given area of thie lamina of ‘a leaf when the leaf 
is plucked and placed with its petiole in water, a fact which was first 
noticed by: Sachs, and. rightly attributed by him to the abnormal 
accumulation of assimilation products under these conditions. We 
now see that a considerable amount of this i increase in weight is due 
to the temporary storage of sugars as well as of starch in the lamina, 
when the conditions prevent their free passage out of the leaf into 
the stem. 

In turning once more to the results of Exp. I, we see that the total 
sugars of the leaf have nearly doubled in amount in the plucked and 
insolated leaves of b. This difference is mainly due to an increase in 
the amount of cane-sugar and of levulose, which have practically 
doubled in amount, whilst the dextrose has remained nearly con- 
stant, and the maltose has decreased to one half. 

If the generally received opinion were correct, that a glucose is the 
principal “ up-grade” sugar in the synthetic chain of assimilation, 
we should expect to find, with plucked and insolated leaves, an accu- 
mulation of a sugar of this class in the tissues of the leaf. Such, how- 
ever, is not the case. It is true that we do find an accumulation of 
levulose, but we are by no means justified on this account in Jooking 
upon this sugar as an accumulated “up-grade” product, either to- 
wards starch or cane-sugar. It is just as probable that it may have been 
derived from the partial inversion of the cane-sugar, the equivalent 
quantity of dextrose, which was simultaneously produced, having been 
used up more readily than the levulose for the respiratory and other 
vital requirements of the cell. This latter supposition is rendered 
much more probable from the results of certain experiments which we 
must now describe, and which were designed with the specific object 
of determining the changes which take place in the starch and 
sugars of the living leaf-tissnes when these substances are not being 
added to by the processes of assimilation. 

A considerable number of Tropwolum leaves were plucked at the 
same time, and divided into two parts, one part being dried at once, 
the other being previously placed for a certain time in the dark, with 
the stems dippirg into water. The starch and sugars were then 
determiued in both. 
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III. Leaves of Tropwolum, plucked in afternoon of a fairly sunny day. 


a. Leaves dried at once. 
b. Leaves placed in the dark for 24 hours. 


: b. 
Dea i bikie dé de dtdi . 2°980 


Sugars-— 
Cane-sugar ; . 3°49 
Dextrose , 0°58 
Levulose ‘ 3°46 
1°86 


Total sugars per cent.... 13°64 9°39 


Total loss of sugars and starch in b = 4°96 per cent. 


IV. In another experiment on the same lines, leaves of Tropeolum 
were taken after a bright warm day. 


a. Leaves dried at once. 
b. Leaves placed in the dark for 24 hours. 


6. 
0°906 


Cane-sugar ..... cosee FBS 3°35 
Dextrose P 134 
3°76 
1:28 


Total sugars per cent. .. 12°15 9°73 
Total loss of sugars and starch in b = 6°93 per cent. 


In both these cases we see that during the 24 hours the leaves 
have remained in the dark they have suffered a considerable loss both 
in sugars and in starch, amounting in Exp. III to 4°96 per cent. on 
the dry weight of the leaves, and in Exp. IV to as much as 6°93 per 
cent. There can be no doubt that this loss is due to the respiration 
of the leaf-cells. The amount of loss due to respiration has, as far as 
we know, never been determined for the leaves of Tropeolum, but we 
may obtain some idea of the value of this from Weber’s experiments 
upon the leaves of Helianthus, in which he found the loss due to 
respiration equal to about 1‘7 grams per square metre of leaf surface 
in24 hours. Taking the average weight of a square metre of Trope- 
olum leaf at 25 grams, a number approximately correct according to 
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our own determinations, the loss of sugars in 24 hours from 
respiration is, in our two experiments, 1°24 grams and 1:7 grams per 
square metre. 

Besides this actual loss of carbohydrates due to respiration, there 
has been a considerable alteration in the relative amounts of the 
sugars during the time the leaves have been in the dark. In the 
first place, the cane-sugar has diminished very considerably in both 
cases, in Exp. III the cane-sugar.in the leaves which had been in the 
dark for 24 hours having fallen to about one-third of the amount 
present in the fresh leaves, and in Exp. IV to considerably less than 
one-half. 

As this disappearance of cane-sugar has been accompanied by an 
increase in the amount of levulose in both cases, and there can be, of 
course, in this case no complication arising from assimilation, we 
must conclude that the cane-sugar has been inverted. That onlya 
comparatively small part of the dextrose of this invert-sugar is found 
in the leaves is no doubt due to the fact that dextrose is more readily 
put under contribution for the respiratory processes of the cell than 
is levulose. Our experiments, in fact, enable us to form some idea of 
the relative facility with which the different kinds of sugars are used 
up by the cell in respiration. . 

If we assume, what is almost certainly a fact, that the starch 
which has disappeared from the leaf in the dark has been converted 
into maltose, and, what is still more certain, that the cane-sugar 
which has disappeared has been previously inverted, then we can cal- 
culate the composition of the mixed sugars which have been used 
up for cell requirements; they are as follows :— 


Sugars used up in respiration, 
expressed as a percentage 
on dry leaf. 


In Exp. I1I— 
Dextrose . 


In Exp. IV— 
Dextrose . 
Levulose 
Maltose 


We must conclude from these experiments that maltose and 
dextrose are the sugars which contribute most to the respiratory 


requirements of the leaf-cell. 


AND PHYSIOLOGY OF FOLIAGE LEAVES. 673 


We must now revert once more to Exp. I, p. 669, where the sugars 
were allowed to accumulate in the leaf whilst the natural processes 
of assimilation were going on. In the light of the results obtained 
in Exps. III and IV, it seems almost certain that the levulose found 
in b, Exp. I is not a direct product of assimilation, but has been 
derived from the cane-sugar by inversion. 

Looking at the results all round, they are, it seems to us, decidedly 
opposed to the view that either dextrose or levulose are the first 
sugars formed by assimilation, and point to the somewhat unexpected. 
conclusion that, at any rate in the leaves of Tropxolum, cane-sugar 
is the first sugar to be synthesised by the assimilatory processes. 

There seems every reason to believe that this cane-sugar, which 
may be regarded as the starting point of all the metabolic changes 
taking place in the leaf, fnnctions in the first place as a temporary 
reserve-material, and accumulates in the cell-sap of the leaf-paren- 
chyma when the processes of assimilation are proceeding vigorously. 

When the degree of concentration of the cane-sugar in the cell-sap 
and protoplasm exceeds a certain amount, which probably varies 
with the species of plant, starch commences to be elaborated by the 
chloroplasts, this starch forming a somewhat more stable and perma- 
nent reserve-material than the cane-sugar, a reserve to be drawn 
upon when the more easily metabolised cane-sugar has been partially 
used up. 

That the starch which is formed by the chloroplasts is, strictly 
speaking, not autochthonous, but owes its origin to antecedent cane- 
sugar, is rendered probable not only from a consideration of the 
results we have described, but also from experiments upon the arti- 
ficial nutrition of leaves by solutions of carbohydrates, and from 
certain results which we described in 1890 on the starch-prodacing 
powers of some of the sugars when used as a nutrient for the cultiva- 
tion of embryos of barley (Trans., 1890, 484). In both these cases, 
cane-sugar was found to far surpass all other carbohydrates in bring- 
iug about the production of starch in the tissue of the leaf or young 
plant; so much so, in fact, as to suggest that under natural condi- 
tions of plant growth cane-sugar is an antecedent of the formation of 
starch by the chloroplasts, a conclusion which we think is favoured 
by our more recent work. 

As regards the particular form in which the carbohydrates wander 
from cell to cell in the leaf, and finally pass through the leaf stalk 
into the stem, we think our analyses point to the cane-sugar being 
translocated as dextrose and levulose, and the starch as maltose, the 
latter process only taking place when the starvation of the cell has 
induced the dissolution of the starch in the manner already described. 

In the case of the invert-sugar, the dextrose is, as we have seen, 
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more quickly used up for respiration, and possibly also for tissue 
forming, than is the levulose; therefore it is highly probable that, 
under natural conditions, a larger amount of levulose than of dex. 
_ trose passes oat of the leaf into the stem in a given time. 

Knowing as we do how enormous is the resistance which living 
protoplasm presents to the ordinary physical processes of diffusion, it 
seems highly improbable that the wandering of the sugars in the 
tissues of plants is dependent altogether upon osmosis. It is, doubt- 
less, to the continuity of the protoplasm from cell to cell, which may 
now be regarded as a well established fact, that we must look fora 
full explanation of those rapid translocations of certain substances 
which we know take place in the living plant. That diffusibility is, 
however, a factor of importance cannot, we think, be doubted, when 
we regard the nature of those substances which up to the present 
time have been recognised as wandering metabolites. 


ADDENDUM. 


Since writing the above we have been able to determine the diastatic 
activity of the leaves of three plants belonging to the Solanacee. 
The results are given in the same terms as those employed in the 
table on p. 641. 

_ Diastatic activity. 
Solanum tuberosum .... 
Nicotiana affinis ..... ee rcccccece 
Lycopersicum esculentum .....+.. - 


Although the leaves of these Solanacee are much less diastatically 
active than those of the Leguminose we have examined, they imme- 
diately follow this Natural Order in the amount of starch-dissolving 
enzyme they contain. 
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XLII.—Citraconfluorescein. Part II. 


By J. T. Hewirt, B.A., B.Sc., Ph.D., Assistant Demonstrator in the 
University Chemical Laboratory, Cambridge. 


Some little while back (Trans., 1891, 59, 301), I described the con- 
densation of citraconic anhydride with resorcinol under the influence 
of concentrated sulphuric acid, the condensation, as was to be expected, 
followed the ordinary course, giving rise to a compound which was 
designated citraconfluorescein. This has now been further examined, 
and several of its substitution products prepared, an account of which 
is given in this paper. 


Preparation of Citraconfluorescein. 


The process adopted in preparing citraconfluorescein has now 
been modified, zinc chloride being used in effecting the condensa- 
tion instead of sulphuric acid. 50 grams of twice rectified citraconic 
anhydride are mixed with 100 grams of resorcinol and 50 grams 
of finely powdered zinc chloride in a capacious flask provided with 
a reflux condenser. On heating the flask in an oil bath at 180°, a 
lively action sets in, the mixture frothing considerably ; the temper- 
ature of the oil bath is kept at 200° for a space of two hours, and the 
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product, when cold, extracted with water and dilute hydrochloric acid; 
the colouring matter is then dissolved out from the residue by treatment 
with caustic soda, and on the addition of dilute hydrochloric acid to 
the alkaline solution, the citraconfluorescein is precipitated in a floc. 
culent condition; this is collected, well washed with water, dissolved 
in alcohol, reprecipitated by the addition of water, and collected. 
For analysis, the substance was dissolved in a small quantity of hot 
alcohol, and boiling water added until the liquid became turbid; 
it was then filtered and allowed to cool. The citraconfluorescein sepa- 
rated as a reddish-brown, crystalline powder, which was collected, 
washed, and dried, first at 100°, and then at 120—130°. The sub- 
stance was burnt in oxygen. 


0°1888 gave 0°4758 CO, and 0°0745 H.0. C = 68°73; H = 438, 
C,,H,,0; requires C = 6892; H = 4°05 per cent. 

Anhydrous citraconfluorescein does not melt, but carbonises at 
abont 230—240°. Although soluble in alkaline carbonates as well as 
in caustic alkalis, it is reprecipitated to a certain extent on saturating 
the cold alkaline solution with carbon dioxide. On exposing an ammo- 
niacal solution to the air, it loses ammonia and yields a precipitate of 
the original substance, and, even if heated in sealed tubes with con- 
centrated ammonia at 220°, traces only of basic substance are formed. 
This contrasts with the behaviour of ordinary fluorescein, which R. 
Meyer fonnd to be converted into a base of the constitution 
C,H, C.H;( NH) 
6007 °<o,H,(NH,) 
200° (Ber., 21, 3367). In my former communication, only the calcium 
and lead compounds were described ; derivatives recently prepared 
show that only two hydrogen atoms can be displaced by metals or 
organic radicles, 

Sodium Citraconfluoresceinate.—Citraconfluorescein (1 mol.) dis- 
solves completely in a solution of soda (2 mols.) ; on evaporation, 
the sodium salt is obtained as a shining brown film, easily soluble 
in water. The solution, especially when dilute, exhibits a brilliant 
green fluorescence. The salt, dried at 130°, gave the following result, 


0°2275 gave 0°0914 Na,SO,. Na = 13°02. 
Na,C,;H,O; requires Na = 13°53 per cent. 


>NH by heating with aqueous ammonia at 


Potassium citraconfluoresceinate can be prepared in a similar manner, 
and exhibits similar properties. A potassium determination of this 
salt was made after it had been dried at 130°. 

02047 gave 0°075 K,SO,. K = 21°35. 

K,C,;,H\O,; requires K = 20°98 per cent. 


Methyl Ether—This compound is formed on heating a solution of 
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citraconflnorescein and caustic potash in methyl alcohol with methv 
iodide. Five grams of citraconfluorescein and 19 grams of caustic 

tash are dissolved in 50 grams of methy] aleohol, 6 grams of methyl 
iodide added, aud the mixtpyre heated for two hours in a sealed tube 
at 100°. On cooling, potassium iodide separates, and the solution is 
diluted with water. The methyl ether separates in an impure form, 
and, after drying, is dissolved in ether, which leaves unaltered citra- 
confluorescein ; on distilling off the ether, a somewhat tarry residue 
is left, and this, when dissolved in alcohol and the solution diluted 
with water, gives a flocculent precipitate. After a repetition of the 
solution in aleohol and reprecipitation with water, the substance js 
treated with solution of sodium carbonate, well washed, and again 
dissolved and reprecipitated, The precipitate is now collected, well 

washed, and dried in a vacuum. On analysis, using oxygen, the 
following numbers were obtained. 


0°1209 gave 0°3144 CO, and 0°0564 H,O. C = 70°91; H = 5°18. 
01338 ,, 03450 CO, and 0°0616 H,O. C = 7032; H = 5:11. 
Ci1H0;(CHs3)2 requires C = 70°37; H = 4°94 per cent. “~”~ 


The methyl! ether thus obtained is a pale yellow, amorphous powder, 
insoluble in water, and not affected immediately by cold dilute alkalis 
or alkaline carbonates, although, on warming, hydrolysis readily takes 
place. Many attempts were made to oxidise this substance with 
alkaline permanganate solution, it being hoped that the action would 
follow the course iudicated by the equation 


me C,H;(OCHs) a ; O $3 
o> °<6.4,(00H,) 72 + 90 = OCH CHs<(,4>CiHs OCH, 
+ 4C0, + 2H,0, 


and hence that a dimethoxy-derivative of a xanthone would be ob- 
tained, as recently indicated by R. Meyer in the case of fluorescein 
(Ber., 25, 2118).* On account, however, of the readiness with which 
the ether is hydrolysed, the desired result could not be obtained, the 
presence of the hydroxyl groups in the xanthone portion of the 
fluorescein nucleus rendering it especially liable to attack in presence 
of an oxidising agent. Though insoluble in water, the methyl ether 
is fairly soluble in ether, in which respect it differs. from citracon- 


* Such a reaction would have been of interest as supporting R. Meyer’s view 
with regard to the positions of the phenylhydroxyl groups in the fluoran, as this 
orientation has only been derived from the fact that the hydroxyl groups in 
phenolphthalein occupy the para-position relatively to the phthalyl group. 
Dr. Ruhemann has recently shown that the alkyl derivatives of aa’-dihydroxy- 
pyridine when heated with phthalic anhydride yield fluoresceins, a fact which 
would conclusively prove the formula advanced by R. Meyer. 4 
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fluorescein, whilst in methyl and ethyl alcohols and glacial acetic acid 
it is readily soluble. 

The ethyl ether is prepared in a similar manner, and strongly 
resembles the methyl ether in properties. 

Acetyleitraconfluorescein was prepared by acetylation both with 
acetyl chloride and with acetic anhydride. In the former case, 
citraconfluorescein was mixed with five times its weight of acetyl 
chloride in a small tiask provided with a reflux tube; a violent 
action set in at once, and torrents of hydrogen chloride escaped, 
When the action had subsided, heat was applied, and the brown solu- 
tion kept at its boiling point for half an hour. On cooling, the 
product was poured into water. The tarry mass, which became solid 
after a time, was ground up with water to a fine paste, poured ona 
vacnum filter, well washed, and dissolved in hot glacial acetic acid, 
The solution was then warmed for some hours with animal charcoal, 
filtered, raised to boiling, diluted with water until a slight tarbidity 
was produced, boiled for a few minutes with a fresh quantity of 
animal charcoal, and filtered. The crystalline powder which sepa- 
rated as the liquid cooled was collected and washed, first with dilute 
acetic acid and then with water. The product was brownish, but 
this, as was afterwards seen, was due to small amounts of in- 
purities. 

In effecting the acetylation with acetic anhydride, fused sodium 
acetate was also added, and the product crystallised from acetic acid 
solution, but the product was brownish. The following method of 
preparation was finally adopted :—Finely powdered citraconfluorescein 
was mixed with three to four times its weight of acetic anhydride, 
and heated for about half an hour in a small flask provided with a 
reflux condenser, the heating being stopped when the reddish-brown 
colour of the citraconfluorescein had disappeared. The solution of 
the acetyl compound in the excess of acetic anhydride was then 
poured into strong alcohol and allowed to stand for upwards of 
12 hours. The acetyl compound is greyish, but is obtained as a nearly 
colourless, crystalline powder on dissolving it in glacial acetic acid or 
chloroform and reprecipitating with alcohol. Analysis showed that 
acetyl had been substituted for two of the hydrogen atoms in citra- 
confluorescein. 


0°1161 gave 0°2799 CO, and 0°0432 H,O. C = 65°81; H = 413. 

0°1326 ,, 03230 CO, and 0°0540 H,O. C = 66°43; H = 452. 

01314 ,, 03171 CO, and 0°0497 H,O. C = 65°82; H = 420. 
Cy;Hw~O;(CHs°CO), requires C = 66°32 ; H = 421 per cent. 


Analysis I was made with citraconfluorescein prepared with acetyl 
chloride, If and III from the product obtained with acetic anhydride. 
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As benzoylcitraconfluorescein cannot be conveniently prepared by 
warming citraconfluorescein with benzoyl chloride, it is better to 
employ Baumann's method ; for this purpose, citraconfluorescein is 
dissolved in the calculated amount of 1 per cent. soda solution, and 
then shaken up in a small bottle with the requisite amount of 
benzoyl chloride. The benzoyl derivative separates out gradually as 
a brownish precipitate, the shaking being continued until the smell of 
benzoyl chloride has quite disappeared. The reaction is as fol- 
lows. é 


C,;HyO0,Na, + 2C,H,COCI = C,;H0;(C.H.CO), + 2NaCl. 


The substance was not further purified, as it was only prepared 
in the hope that it might oxidise more conveniently than the di- 
methyl ether. A test experiment showed, however, that this was not 
the case, benzoic acid alone being detected in the product, showing 
that hydrolysis had taken place, and the permanganate had then 
attacked and destroyed the citraconfluorescein, leaving the benzoic 
acid intact. 


Action of Bromine on Citraconfluorescein. 


When citraconfluorescein is dissolved in glacial acetic acid and 
bromine added, either alone or in acetic acid solution, bromination 
takes place, and, if the solution is concentrated, a mixture of the 
brominated products is, as a rule, precipitated; with care, however, 
the tetrabromocitraconfluorescein may be isolated. The following 
method was adopted: 3 grams of citraconfluorescein were dissolved 
in 20 yrams of glacial acetic acid, and 8 grams of bromine mixed 
with 10 grams of glacial acetic acid poured in gradually with constant 
stirring. Some precipitate separated, but to complete the reaction 
the mixture was heated for an hour on the water-bath, in a flask 
provided with a reflux condenser. The warm solution was then 
poured into water, and the bright, chocolate-coloured, flocculent pre- 
cipitate collected and well washed with boiling water; it was then 
first dissolved in dilute soda and reprecipitated by hydrochloric acid, 
and subsequently dissolved several times in boiling alcohol and re- 
precipitated by water. The product, after drying at 110—120°, gave 
the following numbers on analysis. 


I. 01709 gave 0°2073 CO, and 0:0315 H,O. C = 33:08; H = 2°05. 
II. 00878 gave, by Carius’ method, 01067 AgBr. Br = 51°71. 
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Calculated for 


C,,H,Br,05. O,;HpBr,O5. Found. 
204 33°33 204 33°22 33°03 
8 1:31 10 1°63 2:05 
320 52°29 820 52°12 51°71 
80 13°07 80 13°03 — 


It will be seen that the analytical results agree more nearly with 
the formula C,;H,Br,O; than with C,,H,Br,O,;, though the percent- 
ages are so nearly the same in the two cases that it cannot be decided 
with certainty as to whether the action takes place according to the 
equation 


CHE OO>C<G HT TOHI>? + 3B = 


CMeBr C,.H.Br(OH) 
CHBr<"¢o00->°<¢.H,Br(OH)>? + 2HBr, 


or whether, analogously to the conversion of ordinary fluorescein into 
eosin, we have 
SoA 3 OE) 0. +4 Bey ms 
C;H, C.,HBr.(OH) 
C 
boo? S0,HBr,(OH) 


Tetrabromocitraconfluorescein is but slightly soluble in ether, fairly 
easily in hot nitrobenzene, and separates as a dark-coloured, crys- 
talline powder from its solution in hot glacial acetic acid; in a fine 
state of subdivision, this compound is red. The solution in alcohol, 
in which it is easily soluble, is also red, and possesses tinctorial 
properties ; whilst the solution in alkalis and ammovpia is a magnifi- 
cent crimson, showing a dark-green. fluorescence. An ammoniacal 
solution of this substance, from which the excess of ammonia has 
been removed by boiling, exhibits the following reactions with 
various metallic solutions. 

Silver nitrate——Fine, purple-red precipitate, soluble in ammonia. 

Barium chloride—Very small amount of precipitate in the cold, 
rather more on warming. The barium salt is soluble, to some extent, 
in water. 

Calcium chloride.—No precipitate in the cold, but some separates 
on boiling and allowing to stand. 

Magnesium sulphate.—No precipitate in the cold. 

Lead nitrate.—Fine, red precipitate, insoluble in water. 

Ferric chloride.—Brown precipitate. 

Ferrous sulphate.—Reddish-brown precipitate. 


boo? * <0,H,(0H) 


>O + 4HBr. 


r with 
rcent- 
cided 
to the 
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Copper sulphate.—Brown precipitate, soluble in ammonia, with 
magnificent, purple colour, 


Action of Nitric acid on Citraconfluorescein. 


Nitric acid acts on citraconfluorescein with formation of nitro- 
derivatives. This takes place, even with dilute acid, on long-con- 
tinned warming; 2 grams of finely divided citraconfluorescein were 
heated at 60—80° with 20 c.c. of ordinary nitric acid, sp. gr.. 1°42, 
which had been diluted with 40 c.c. of water. After 12 hours, the 
solution was filtered and the product purified by dissolving it in soda, 
reprecipitating with hydrochloric acid, collecting, and recrystallising 
from boiling alcohol. The reddish-brown powder thus obtained was 
seen, under the microscope, to consist of small crystals, resembling 
dinitrocitraconfluorescein ; this supposition was confirmed by a nitro- 
gen estimation. 


0'1906 gave 12°6 c.c. N at 21° and 758mm. N = 7'5. 
Cy;HwO;(NO,), requires N = 7°25 per cent. 


Dinitrocitraconfluorescein is more easily prepared by adding 1 part 
of finely divided citraconfluorescein, in small quantities at a time, to 
a well-cooled mixture of 4 parts of fuming nitric acid and 6 parts of 
glacial acetic acid. After the last addition, the solution is left for 
halfan hour and then poured into water; the flocks which separate 
are collected, boiled with water, well washed with boiling water, and 
twice recrystallised from hot alcohol. The dinitro-derivative sepa- 
rates as a dark-red, crystalline powder, easily soluble in alcohol and 
glacial acetic acid, but insoluble in water; the solutions in alkalis and 
ammonia are reddish-brown. Analysis of the dried substance yielded 
the following results. 


01335 gave 0°2609 CO, and 0°415 H,O. C = 53°39; H = 3°45, 

01615 , 95ec. Nat 13° and 756mm. N = 7-0. 

01604 ., 98c.c. N at 20° and 759mm. N = 7:0. 
C,H,»O,(NO,). requires C = 52°86; H = 2°59; N = 7:25 per cent. 


Ammoninm Salt.—Dinitrocitraconfluorescein is dissolved in dilute 
ammonia, and the solution evaporated to dryness on the water-bath. 
The residue, on recrystallisation, yields the ammonium salt in dark, 
shining crystals. These were dried at 120°, and the nitrogen deter- 
mined. 


I. 0°2085 gave 24°0 c.c. N at 25° and 759 mm. N = 12°7. 


IL 01952 ,, 23:3c.c. N at 23° and 7645 mm. N = 13°3. 
(N H,).0;;,H,(NO,).05 requires N = 13°33 per cent. 


A solution of the ammonium salt gives the following reactions with 
metallic solutions. 
VOL. LXII1. ie 
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Silver nitrate—A brown, flocculent precipitate, not rendered crys. 
talline by boiling, but soluble in ammonia. 

Barium chloride.—A brown, flocculent precipitate, slightly soluble 
in water. 

Calcium chloride.—Similar to barium chloride. 

Magnesium sulphate.—No precipitate in the cold, but, on boiling 
and allowing to stand, a small amount of amorphous precipitate 
separates. 

Lead nitrate.—Brown, flocculent precipitate (see below). 

Ferric chloride.—Bright brown precipitate. 

Ferrous sulphate.—Greenish-brown precipitate. 

Copper sulphate.—Brown, flocculent precipitate. 

Lead Salt.—The precipitate formed on adding a solution of the 
ammonium salt to lead nitrate solution was collected, well washed 
with water, and dried at 130°. 


I. 0°1908 gave 0°0953 PbSO,. Pb = 34°13. 
II. 01474 ,, 00740 PbSO,. Pb = 34°31. 
Pb:C,;H;(NO,),0; requires Pb = 35°03. 

Basic Barium Salt-—When a solution of dinitrocitraconfluorescein 
in a considerable excess of alcohol is mixed with an aqueous solution 
of barium hydroxide, a basic salt separates. This precipitate becomes 
crystalline on boiling, and may be easily filtered. The well washed 
salt was dried at 120—130°, and barium estimations made, with the 
following results. 


I. 0°1456 gave 0°1000 BaSO,. Ba = 40°39. 
II. 01518 ,, 0°1033 BaSO, Ba = 40°00. 
C,,H,(NO,),0;Ba,BaO requires Ba = 40°65 per cent. 


Action of Fuming Nitric acid on Citraconfluorescein. 


When citraconfluorescein is dropped into fuming nitric acid without 
cooling the mixture, much heat is developed, and, unless well stirred, 
the added citraconfluorescein catches fire on the surface of the liquid. 
On pouring the mixture into water, bright red flocks separate, and 
the liquid is also strongly coloured. The product, when collected 
and washed, colours the wash water considerably; in fact, from its 
mode of preparation and its solubility in water, the substance is prob- 
ably a tetranitrocitraconfluorescein, though it has not as yet been 
further examined. 

The foregoing work was carried out in the University Laboratories 
of Berlin and Cambridge. 


University Laboratory, 
Cambridge. 


—_ 
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XLIII.—The Mineral Waters of Askern, in Yorkshire. 


By C. H. Bormamtey. 


Tus mineral waters of Askern, in the West Riding of Yorkshire, have 
for a long time been used with success in the treatment of chronic 
rheumatism and skin diseases, and they constitute a group of sulph- 
uretted waters which, in general character, is unique in this country. 
The village stands on the edge of an extensive plain, a large part of 
which is uncultivated and imperfectly drained peat-bog. It is built 
on strata belonging to the Permian formation, and steep hills of 
magnesian limestone rise close behind the village on the west. Red 
Permian marls, containing thin beds of gypsum, also occur in the 
immediate neighbourhood. To the east of the high road that runs 
through the village, is a sheet of water about 6 acres in extent, 
known as “The Pool.’”’ It is fed partly by springs and partly by the 
drains or streams from the common, and is comparatively shallow, 
except in a few pits or holes, where it reaches a depth of about 
25 feet. The sulphuretted springs are situated not far from the edge 
of the Pool, to the west and south-west. 

Askern is mentioned under the name Askeron by Dr. Short in 
his treatise, A Natwral Experimental and Medicinal History of the 
Mineral Waters of Derbyshire, Lincolnshire, and Yorkshire, published 
in 1734, and later the water was examined by Le Gay Brewerton, who 
published his results, in 1817, in his Treatise on the Mineral Waters 
of Askern. In July, 1821, an imperfect analysis was made by a 
Mr. Murray, and was published in the Doncaster Gazette. 

[In 1842, Dr. Edwin Lankester published An Account of Askern and 
its Mineral Springs, together with a Sketch of the Natural History and 
a Brief Topography of the Immediate Neighbourhood. He speaks of 
six wells, five of which had been opened since the publication of Mt. 
Brewerton’s book. Five wells out of the six were analysed, the 
experiments seemingly being made in 1840, and Dr. Lankester was 
assisted in the analytical work by Mr. West, of Leeds. 

The dissolved solid constituents in grains per imperial gallon were 


as follows :— 
Manor Well. Charity Well. 


Sulphate of magnesia 34 18 
Chloride of calcium 4 
Sulphate of lime 104. 
Carbonate of lime } 12 
Carbonate of soda } 26 


164 
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Dr. Lankester states that the solid matter in all the other wells 
was of similar composition, although differing in each case in total 
amount, the quantity in the Terrace Well being 144 grains, in the 
South Parade Well 140 grains, and in the Mather Close Well 
100 grains. 

The gaseous constituents were hydrogen sulphide, carbonic anbydr. 
ide, and nitrogen, the volumes of hydrogen sulphide in cubic inches 
per imperial gallon being: Manor Well 8, Terrace Well 8{, Charity 
Well 63, South Parade Well 6, and Mather Close Well 14. 

The appearance of sodium carbonate amongst the solid constituents 
arises from the manner in which Lankester and West combined the 
acids and bases in calculating their results. As a matter of fact, the 
water and the residue left on evaporation are not alkaline, and the 
existence of sodium carbonate in solution with calcium and magnesium 
sulphates is obviously improbable. 

No analyses have been made since those of Lankester and West, 
50 years ago, and it seemed that a systematic examination of the 
Askern waters would form an appropriate continuation of the 
analyses of the sulphur and other waters of Harrogate, made about 
12 years ago (Trans., 1881, 39, 497—516). The investigation ex- 
tended over a period of about two years, samples of water being 
collected and the more important constituents estimated at various 


seasons of the year, the work being done in the Chemical Laboratory 
of the Yorkshire College, whilst I was Assistant Lecturer on 
Chemistry, 


The Present Wells. 


There are now four wells, to each of which is attached a pump- 
room and a suite of baths, and through the kindness of the proprietors 
I was afforded every opportunity of collecting samples of the water 
and making the necessary experiments at the wells. 

The Mather Close Well supplies the Town End or South Parade 
Baths, and is situated in lat. 53° 36’ 41-7" N., and long. 1° 9’ 1°5' W. 
its exact position being shown on the 6-inch Ordnance Survey Map. 
It is simply a deep tank or shallow well cut in the peat, and has no 
lining of any kind, but is securely covered in. Immediately above the 
well is an ordinary pump, with a lead suction pipe that has been in 
use for many years. The supply of water is abundant, but I am 
informed that the well has once or twice been pumped dry. 

This water comes directly out of the peat, and most nearly of all 
the four represents the water as it occurs in the peat. It was, there. 
fore, examined somewhat more closely than the other waters. 

The Charity Baths are near the south-west corner of the Pool, and 
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are supplied by water from a tank or well, situated some 40 yards 
away from the Pool and from the pump room. The well is built of 
brick, with an outer casing of puddled clay, but I was unable to 
satisfy myself that the top was sufficiently protected from surface 
drainage. 

The Terrace Bath Well is on the west side of the Pool, in lat. 
§3° 36’ 51” N., and long. 1° 9’ 0” W., and is about 40 yards to the 
south of the pumproom. It is dug in the peat, not far from the 
edge of the Pool, and is constructed of puddled clay with a brick 
lining, and has been well covered over. 

The Manor Well Baths stand on the east side of the Pool, and are 
supplied partly from a well under the buildings and partly from the 
well at the south-west corner of the Pool, which also supplies the 
Charity Baths, From the latter the water is brought across the Pool 
in an iron pipe, and the water from the two sources is allowed to mix 


ina puddled well. 


Collection of Samples. 


The waters were collected with the usual precautions. They were 
all slightly turbid and had a yellowish colour, and none of them, 
except the Terrace Bath water, on one or two occasions, showed any 
signs of effervescence. They all smelled strongly of hydrogen sulph- 
ide, but the odour was not quite the same as that of hydrogen 
sulphide prepared by ordinary laboratory methods; it distinctly re- 
called the odour of some thiocarbon compounds. All the waters were 
practically neutral to litmus, though now and again a faint indication 
of acidity was perceptible. When allowed to remain exposed to the 
air, they very slowly became turbid, in consequence of the precipita- 


tion of sulphur. 


General Method of Analysis. 


The general scheme of analysis adopted was that laid down by 
Fresenius, such modifications being made as were necessitated by the 
character of the water. 

The residue left on evaporation was dried at 120°, and there was 
no difficulty in obtaining a constant weight at this temperature. The 
dried residue was only very slightly hygroscopic. It was found 
advisable to pass a current of washed carbonic anhydride through the 
water during evaporation, in order to prevent, or, at any rate, to 
minimise, separation of sulphur from the hydrogen sulphide, and 


formation of thiosulphates. 
Determinations of all the principal constituents were made on two 


688 BOTHAMLEY : THE MINERAL WATERS 


distinct series of samples of the waters, an interval of several months 
elapsing between the collection of the two series. Additional estima. 
tions of the hydrogen sulphide and combined sulphuric acid were 
made at various times of the year. 

Sulphur Compounds in the Waters.—Hydrogen sulphide was esti- 
mated at the wells, a measured quantity of the freshly-drawn water 
being run into a measured excess of centinormal iodine solution, and 
the excess of iodine determined by means of centinormal thiosulphate 
solution. 

It was found that the whole of the hydrogen sulphide could be 
expelled from the waters by the prolonged passage of a current of 
purified hydrogen, and it follows that the whole of the hydrogen 
sulphide is present in the free state. 

Neither thiosulphates nor sulphites could be detected in the waters 
either before or after the passage of the hydrogen. 

It is noteworthy that, notwithstanding the absence of sulphides, 
sulphites, or thiosulphates, the water through which hydrogen had 
been passed still decolorised a certain quantity of iodine solution. 
This probably arises from some action of the iodine on the organic 
matter dissolved in the water. The volume of approximately centi- 
normal iodine solution absorbed in this way by 1000 c.c. of each of - 
the waters was as follows :— 


Mather Close. Charity. Terrace. Manor Well, 
24°0 34°0 18°0 27:0 c.c. 


When calculating the quantity of hydrogen sulphide present, a 
correction was made on account of this absorption. 

Alkalis were weighed both as chloride and as sulphate, the 
magnesium and sulphuric acid having been removed together by 
means of barium hydroxide. Iron was estimated colorimetrically by 
Carnelley’s method, with potassium ferrocyanide. I am indebted to 
Mr. F. Dent, student in the Chemical Laboratory at the Yorkshire 
College, for his aid in finishing these two estimations. 

Constituents present in Small Quantities—44 litres each of the 
Mather Close Well and the Terrace Bath waters were evaporated 
with the usual precautions. 

Traces of lithium were found on spectroscopic examination in both 
waters, and strontium in very minute traces in the Terrace Bath 
water, but not in the Mather Close water. Special examination was 
made for barium, but it could not be detected eveu by the spectro- 
scope. 

Iodine was present in distinct, though minute, traces in both waters. 
but bromine was not present in either. Potassium could not be 
detected in either water, and cesium and rubidium were likewise 
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absent. Aluminium and phosphoric acid were also looked for, by 
were not found. 


Results. 


The quantity of dissolved solid constituents in parts by weight 
per 100,000 parts by weight of the waters are given in Table A. The 
quantity of hydrogen sulphide is stated in volumes of gas per 100,000 
volumes of the waters. 


Taste B.—Proximate Composition of the Dissolved Inorganic Matter, 
In grams per litre. 


| 
“Clove, | Terrace. | Charity. | Manor 


Calcium carbonate 0°8417 0 °8282 0 °6825 0 °6698 


Calcium silicate ........++++++++| 0°0281 0 0262 0 °0443 0 0449 
Calcium sulphate ........+++++-| 0°5222 0 °4434 0°4938 0°5151 
Magnesium sulphate. . eoeee| 0°3874 0 °4288 0°7184 0 *6834 
Sodium chloride ......+.++++++-| 0°0346 0 0989 01190 0*1205 
Sodium sulphate........++++++-| 0°0426 0 °0220 0 -0659 0° 0599 


| 
| 
Total. os esee esos} 


Hydrogen sulphide (in cubic , 


centimetres) . anaes 49°5 34°8 


| 
1°8566 | 1°8425 | 2-1239 | 2-0936 


In grains per gallon. 


Town End. Terrace. | Charity. 


| 

| 

| 
Calcium carbonate. ....-......6. . | . 47°78 
conga) nll tas ° 3°10 
Calcium sulphate .. ee cecccs , , 34°57 
Magnesium sulphate.. 50see Geers 1s “ | §0°29 
Sodium chloride ..........++0+. ° . 8°33 
Sodium sulphate .. ese 2° ° 4°61 


Beth oe ce cuccccesi ‘ . 148 ‘68 


Hydrogen sulphide (in cubic inches) . ‘74 | 9°66 


It will be observed that the only important solid inorganic con- 
stituents are calcium and magnesium sulphates and carbonates. In 
Table B, the constituents are arranged in the form of compounds, the 
arrangement being made in the following manner :—All the chlorine 
was regarded as occurring in the form of sodium chloride, and the 
remainder of the sodium was calculated to sulphate; all the magne- 
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sium was calculated to sulphate, and the excess of sulphuric acid and 
the silica were regarded as being in combination with calcium; the 
remainder of the calcium was calculated to carbonate. 

In support of the view that the magnesium is present as sulphate 
and that none of it exists in the waters in the form of carbonate, it 
may be mentioned that the precipitates formed when the waters are 
boiled, or when the dissolved carbonic anhydride is expelled by the 
prolonged passage of a current of hydrogen, contain the merest trace 
of magnesium. Further, I am informed by Dr. J. G. Cassels, of 
Askern, that the therapeutic action of the waters indicates that they 
contain magnesium sulphate (see following paper). 


General Character of the Waters. 


The Askern waters are surface or shallow spring waters, and are 
chiefly solutions of calcium and magnesium carbonates and sulphates. 
containing a large quantity of dissolved peaty matter, and a con- 
siderable volume of free hydrogen sulphide, together with some 
carbonic anhydride. All the other substances are present in small 
proportions only, 

The absence of bromine is noteworthy, especially in view of the 
presence of iodine. Still more remarkable is the complete absence of 
potassium, but this is not difficult to understand in the light of 
Berthelot and André’s observations on the insolubility of potassium 
humate and the precipitation of potassium from solutions of its salts 
when brought into contact with humic acid (Abstr., 1891, 1089). 

Organic Matter.—The waters are highly charged, even if not quite 
saturated, with organic matter derived from the peat, and when 
allowed to remain for some time in closed vessels, a small quantity 
of a dark-brown, flocculent, humus-like substance separates. The 
organic matter is unstable and nitrogenous, and when the water is 
distilled with a small quantity of sodium carbonate, a relatively large 
quantity of ammonia is given off. 

In view of this instability, it seemed that the only satisfactory 
method of ascertaining the true character of the organic matter would 
be to concentrate large quantities of the water in a vacuum at the 
ordinary temperature, but my removal to the south of England 
prevented me from carrying out this investigation. I believe, how- 
ever, that results might in this way be obtained which would throw 
valuable light on the therapeutic action of these and similar waters, 
and might possibly also help to explain the origin of the hydrogen 
sulphide. 

It seemed of interest to determine the oxygen-absorbing power of 
the various waters, chiefly in order to ascertain whether there is any 
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connection between the reducing power of the organic matter as 
measured in this way, and the quantity of hydrogen sulphide present, 
The permanganate solution employed was of such strength that each 
cubic centimetre contained 0°0001 gram of available oxygen, and it 
was standardised in the usual way against a solution of pure sodium 
thiosalphate containing 1 gram per litre. 

100 c.c. of each of the waters, collected on July 29, 1891, was 
diluted to 1000 c.c. with distilled water, and 250c.c. of the diluted 
water was mixed with 50 c.c. of the permanganate solution, and 
30 c.c. of dilute sulphuric acid (1:3), and allowed to remain in 
closed vessels at the ordinary temperature of the room, 18°, for five 
hours. The excess of permanganate was then determined in the 
ordinary manner. The volumes of permanganate reduced in the two 
series of experiments were as follows :— 


Mather 
Close. Charity. Terrace. Manor. 


23-6 18:9 202 171 
sieiiein.; 19-4 20°3 16°6 


After making the necessary corrections for the permanganate 
reduced by the hydrogen sulphide, the results are as follows :— 


Oxygen absorbed per 100,000 parts. 


Mather 
Close. Charity, Terrace. Manor. Pool. 


5°78 4°92 4°78 4°24 0-015 


The degree of organic purity of the Pool water is very remarkable, 
and is confirmed by the behaviour of the solid residue when heated. 
The only explanation of this phenomenon seems to be that the 
organic matter is precipitated by the large quantity of calcium 
sulphate present. 


Origin of the Hydrogen Sulphide. 


The quantity of dissolved hydrogen sulphide varies in the different 
wells. It also varies in one and the same well, and there is a distinct 
general connection between the time of year and the volume of 
hydrogen sulphide in the waters. 

The results of estimates made at intervals extending over nearly two 
years are given in the following table, in cubic centimetres per litre, 
together with the quantity of the sulphuric acid radicle (SO,), in 
grams per litre, present in each water on the same date. 
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Mather 


Close. Charity. 


eet ‘ Hydrogen sulphide. . | 
Sept. 27 and 28.... { Suiphusie acid (SO,) | 


{ Hydrogen sulphide .. 
eeee Sulphuric acid (80,) 


Hydrogen sulphide. . 
****** | Sulphuric acid (SO,) 


Hydrogen sulphide..| 22°5 


Hydrogen sulphide..| 49°6 _- 55° 21°9 
Sulphurie acid (SO,) | 0°7023 : 268 | 0°6359 
! 


Hydrogen sulphide .. | 52°0 | 38-4 2 34 °2 
| { 


For the reason already stated, special attention was given to the 
Mather Close Well, and it would seem that in this water, as indeed in 
all the others, the quantity of hydrogen sulphide varies periodically 
with the time of year. 


July. November. January. April. July. 


50°0 42°3 22°5 49°6 52°0 


It is highest in the summer, then gradually decreases until it reaches 
minimum in mid-winter, after which it increases as the weather 
becomes warmer, and again attains its maximum in the summer. 

It is important to observe, however, that the quantity of hydrogen 
sulphide present in the waters during the warmer months of the 
year, when they are in most frequent use, remains practically the 
same from year to year, and, moreover, is practically constant for six 
or seven months in the year. 

The origin of the hydrogen sulphide is a question of great interest, 
but is one on which I am able to offer only indirect evidence. It is 
wellknown that sulphates in solution in contact with decomposing 
vegetable or animal matter are frequently reduced to sulphides, in 
some cases, at least, in consequence of the action of specific organisms, 
and there can be little doubt that the hydrogen sulphide in the 
Askern waters is a product of the reduction of the calcium and 
magnesium sulphates. Most probably calcium sulphide or magne- 
sium sulphide is the actual product of reduction, and the hydrogen 
sulphide is liberated by the combined action of the water and the 
dissolved carbonic anhydride. 


694 BOTHAMLEY : THE MINERAL WATERS 


The precise mechanism by which the reduction of the sulphates jy 
brought about is still obscure. Confervoid growths, as Dr. Lankestey 
pointed out, are abundant enough in the pipes and wells in which 
the waters are collected, but similar growths may also be observed gt 
the edges of the Askern Pool, in which there is no hydrogen sulphide, 

There are several points that have a more or less important bearing 
on this problem :— 

1. The quantity of hydrogen sulphide present in the waters has no 
relation to the quantity of sulphates held in solution, and the varia. 
tions in the hydrogen sulphide have no relation to the variations in 
the quantity of sulphates. 

2. The quantity of hydrogen sulphide in a particular water has no 
relation to the chemical reducing power of that water, as measured 
by its action on acidified permanganate solution. 


Mather 
Close. Charity. Térrace. Manor. 


Hydrogen sulphide, per litre... 52°0 384 462 348 cc, 
Oxygen absorbed, per 100,000 
parts ...... 578 492 478 424,, 


3. Sulphuretted water is frequently met with in different parts of 
the peaty common in which the Askern waters are found, but 
although the general character of the water is the same over the 
whole of this area (that is, a solution of calcium and magnesium 
sulphates highly charged with vegetable organic matter), the distri- 
bution of the sulphuretted water is very irregular. I am informed 
by people living in the district that it is not uncommon for a shallow 
well cut in the peat to contain water that is free from hydrogen 
sulphide, whilst a similar well not many yards away may contain 
sulphuretted water. I was myself able to observe the very irregular 
distribution of the smaller springs of sulphuretted water in the 
immediate neighbourhood of Askern. 

During my visits to the village, I never obtained any evidence of 
the occurrence of hydrogen sulphide in the water of the pool, though 
Iam informed that occasionally during a very warm summer the gas 
makes its appearance at one or two of the deeper hollows or pits in 
the bottom of the pool. Neither, so far as I was able to observe, does 
hydrogen sulphide occur in the water of a smaller pool lying to the 
south of the village. 

It would seem, therefore, that the reduction of the sulphates is not 
due merely to contact with unstable organic matter, but is the result 
of contact with a particular kind of organic matter, probably a living 
organism, which is not uniformly distributed throughout the peat. 
This view is supported by the fact that the maximum quantity of 
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h n sulphide corresponds with the season of maximum activity 
in the growth of all kinds of organisms, The question is, however, 
one that only a competent biologist can solve. My friend Mr, Harold 
Wager, Assistant Lecturer on Botany in the Yorkshire College, was 
good enough to examine some of the water from the Mather Close 
Well, and some of the sediment that had formed in it, and he 
reports :— 

“Microscopical examination shows that this water contains organic 
matter such as vegetable hairs and spores, also a quantity of amorph- 
ous matter, the exact nature of which could not be made out. Large 
numbers of minute, rounded, highly refractive spots could also be 
seen, probably micro-organisms of some kind.” 


Askern Waters and Harrogate Waters. 


The sulphuretted waters of Askern differ from those of Harrogate 
in several respects. The Harrogate waters (Trans., 1881, 39, 497) 
rise from a considerable depth, are almost entirely free from organic 
matter, and, in addition to hydrogen sulphide, contain a large 
quantity of dissolved carbonic anhydride. The Askern waters are 
surface waters, or, at any rate, rise from very slight depths, are 
highly charged with organic matter, and contain comparatively little 
free carbonic anhydride. The Harrogate waters contain a very large 
quantity of dissolved solid matter, amounting, in the case of the Old 
Sulphor Well, to 1480 parts per 100,000, and in the case of the 
Montpellier Strong Sulphur Well to 1450 parts per 100,000, whereas 
the Askern waters contain only about 200 parts of solid matter per 
100,000. The difference in the nature of the solid constituents is as 
striking as the difference in their amount. The Harrogate waters 
contain chiefly chlorides and carbonates, and are free from sulphates, 
whilst the Askern waters contain chiefly sulphates and carbonates, 
and are almost free from chlorides, The quantity of sodium chloride 
in the Old Sulphur Well amounts to 1262 parts per 100,000, and in ™ 
the Montpellier Strong Sulphur Well to 1223 parts per 100,000, 
whilst in none of the Askern waters does the quantity of this con- 
stituent exceed 12 parts per 100,000; and this fact is of great 
importance in connection with the use of these waters in the external 
treatment of skin diseases. 


Therapeutic Action of the Askern Waters. 


The value of these waters in the treatment of chronic rheumatism 
and skin diseases is usually attributed to the hydrogen sulphide that 
they contain. Barium is absent, and consequently, whatever part it 
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may play in the case of the Harrogate waters, it is inoperative in the 
Askern waters. The quantity of iodine present is so minute that it 
is difficult to regard it as an active constituent. 

It is not improbable that the dissolved peaty matter is an im. 
portant therapeutic agent, especially in the treatment of skip 
diseases, and this point seems worthy of further investigation. Ing 
curious old work, A Methodical Synopsis of Mineral Waters, compre. 
hending the most celebrated Medicinal Waters, both Cold and Hot, of 
Great Britain, Ireland, France, Germany, and Italy, and several other 
parts of the World, by Jobn Rutty, M.D. (4to, Londor, 1757), an 
account is given of the use of the bog waters of Ireland, and espea.- 
ally of the waters of Lough Neagh, and of Lough Sheighs in the 
county of Cavan, for the treatment of skin diseases. These waters 
resemble the Askern waters in containing a large proportion of dis. 
solved peaty matter, but are almost free from calcium and magnesium 
salts, and contain no hydrogen sulphide. 

My best thanks are due to my friend Dr. J. G. Cassels, of Askern, 
for the assistance that he was always ready to afford me in collecting 
the waters, making the necessary experiments at the wells, and 
enquiring into the history of the springs. 


XLIV.—Note on the Distribution of Acids and Bases in a Solution con- 
taining Calcium, Magnesium, Carbonic acid, and Sulphuric acid, 
and on the Composition of Mineral Waters. 


By C. H. Boruamtey. 


In examining the mineral waters of Askern, it was observed that the 
precipitate formed when the free carbonic anhydride was expelled by 
heat, or by the prolonged passage of a current of hydrogen, was 
almost pure calcium carbonate, and contained the merest trace of 
magnesium, although this element was present in considerable quan- 
tity. It seemed of interest to investigate this matter further, with a 
view to obtain, if possible, some information as to the distribution of 
the acids and bases in a system containing calcium, magnesium, 
carbonic and sulphuric acid radicles, and water, and thus to throw 
some light on the constitution of mineral waters. Experiments on 
this subject were therefore made in the Chemical Laboratory of the 
Yorkshire College in the early part of 1891, with the assistance of 
Mr. H. H. Mann, Brown Scholar of Yorkshire College. 
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Solid Magnesium Carbonate and Calcium Sulphate Solution. 


1.—0'5 gram of precipitated and well washed magnesium carbonate 
was mixed with 50 c.c. of water containing 0°0687 gram of calcium 
sulphate in solution, and the two were allowed to remain in contact 
for 24 hours at the ordinary temperature, with repeated agitation 
during the earlier part of the time. Atthe end of the experiment, 
the solution contained a very small quantity of calcium and a con- 
siderable quantity of magnesium, whilst the precipitate contained a 
considerable quantity of calcium carbonate. 

2.—1‘0 gram of magnesium carbonate and 50 c.c. of the calcium 
sulphate solution were allowed to remain in contact for 24 hours 
with occasional agitation. Only the merest trace of calcium re- 


mained in solution. 
3.—0°5 gram of magnesium carbonate was treated in the same way 


with 50 c.c. of water containing twice the quantity (0°1377 gram) of 
calcium sulphate. At the end of 24 hours the solution contained 
only a trace of calcium. 

4—1‘0 gram of magnesium carbonate and 50 c.c. of the stronger 
calcium sulphate solution. At the end of 24 hours only a trace of 
calcium remained in solution. 

It may be pointed out that the fact that a trace of calcium remains 
in solution does not show that the reaction is incomplete, because 
calcium carbonate is distinctly, though very slightly, soluble in 
water. It follows that, in absence of free carbonic anhydride, 
calcium is completely precipitated from a solution of calcium sulph- 
ate by an excess of magnesium carbonate, magnesium sulphate going 
into solution. 


Solid Calcium Carbonate and Magnesium Sulphate. 


5.—1:0 gram of precipitated calcium carbonate and 50 c.c. of 
water containing 0°0525 gram of magnesium sulphate were agitated 


together at intervals during a day. 
6.—0°5 gram of calcium carbonate and 50 c.c. of the magnesium 


sulphate solution were treated in the same way. 
The result was the same in both cases. Although the calcium 


carbonate was present in large excess, only a mere trace of magne- 
sium was found in the precipitate at the end of the experiment, and 


a mere trace of calcium in solution. 


Magnesium Sulphate Solution and Calcium Carbonate Solution. 


7.—50 c.c. of the magnesium sulphate solution used in the pre- 
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calcium carbonate, together with sufficient free carbonic anhydrid, 
to keep it in solution, were mixed and boiled for half an hour in 
flask fitted with a reflux condenser, The precipitate contained bets 
minute trace of magnesium, 

8.—100 c.c. of the magnesium sulphate solution and 50 c.c. of the 
calcium carbonate solution were boiled together as in Exp. 7. The 
precipitate contained only a trace of magnesium, 

These experiments, in which the solutions and the precipitate that 
is formed are subjected to the action of heat, are open to some objec. 
tion, but the results distinctly confirm those obtained with the solid 
carbonates. 

9.—50 c.c. of the magnesium sulphate solation and 50 c.c. of the 
calcium carbonate solution were mixed, and a current of hydrogen was 
passed through the liquid for some time. The precipitate contained 
no magnesium. 

10.—10 c.c. of water containing 0°1094 gram of magnesium carbon. 
ate and sufficient free carbonic anhydride to keep it in solution was 
mixed with 100 c.c. of water containing 0°2754 gram of calcium 
sulphate, and a current of hydrogen was passed through the liquid. 
The precipitate that formed contained only a trace of magnesium, 
and consisted of calcium carbonate. 

The complete precipitation of calcium by magnesium carbonate 
from a solution of calcium sulphate, and the absence of any distinct 
reverse action when calcium carbonate and magnesium sulphate solu- 
tion are brought together, seems to indicate clearly that in presence 
of water the sulphuric acid radicle combines with magnesium in 
preference to combining with calcium. The experiments in which 
the carbonates were at first in solution in presence of carbonic 
anhydride, and more especially Exp. 9, lead to the same con- 
‘clusion. 

The heats of formation of the two sulphates in dilute solution are 
practically identical (CaSO, 323'1 cal., and MgSO, 322°6 cal.) 
although in the solid state the heat of formation of the calcium salt i 
distinctly the higher. The heats of formation of the two solid 
carbonates are: calcium carbonate 269°2 cal., and magnesium carbon- 
ate 267°6 cal., but there seem to be no determinations of the heats of 
formation of the two carbonates in solution and in presence of an 
excess of carbonic anhydride. It is clear, however, that the existing 
thermochemical data afford no explana'ion of the facts observed. 

It follows from these results that, if we put aside any question of 
ionic dissociation in solution, and represent mineral waters and 
similar solutions of calciam, magnesium, and the sulphuric and carb- 
onic acid radicles as containing salts as such, the sulphuric acid 
should be regarded as combining with magnesium in preference to 
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calcium, and not the reverse, as is generally supposed. In the case 
of the Askern waters, this view is supported by their therapeutic 


action. 


XLV.—Note on Acetanhydrocitric acid. 


By Fewix KiincEmayn. 


Iy a paper published in December last in this Journal, T. H. Easter- 
field and W. T. Sell (Trans., 1892, 1003) describe the acetylanhydro- 
citric acid obtained from citric acid and acetyl chloride, and also 
several reactions of this compound, but appear to have overlooked 
the fact that nearly three years ago I prepared the same anhydride, 
and that I studied at least one of the reactions they now describe, 
namely, the formation of citrodianilic acid by the interaction of the 
anhydride and aniline (Ber., 1889, 983). 

As far as the discovery of acetanhydrocitric acid and of citrodi- 
anilic acid is concerned, I must therefore claim the priority, especially 
as there can be no doubt that I obtained the anhydride in a purer 
state than Easterfield and Sell, my specimen melting 6° higher than 
theirs. I also succeeded in obtaining the anhydride in beautiful, 
measurable crystals, the properties of which are described by Mr. 
Tutton in the same paper. The citrodianilic acid prepared by me 
melted at 184°, whilst Easterfield and Sell found the melting point to 
be 180—182°. They also state that the citrodianilic acid prepared by 
them according to Pebal’s method has the same melting point, 183°, 
and believe that the melting point given by Pebal, namely, 153°, is 
most probably a misprint. I should like to point out, however, that 
asthe melting points of the citrodiparatoluidic acids prepared by both 
methods show a similar difference (161° instead of 189°), I think it 
more likely that the lower melting point is due to the presence of 
some impurity. 

The following analyses of the silver salts of both citrodianilic and 
citrodiparatoluidic acids prove that both are monobasic acids, thus 
showing that both molecules of the amine are attached to carboryl 
groups. 

Silver salt of citrodianilic acid. 

I. 0'2689 gave 0°4698 CO,, 0°0941 H,0, and 0°0647 Ag. 

IL 03136 ,, 05495 ,, O1114 ,, ,, 00756 ,, 
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Found. - 


Calculated for — ny 
I II. 


47°65 47°78 per cent. 
3°88 3°94 = 
24°06 24°11 


Silver salt of citrodiparatoluidic acid. 


I. 0°3252 gaye 0°5963 CO,, 0°1318 H,0O, and 0°0739 Ag. 
II. 0°3386 ,, 06213 ,, 01284 ,, » 00777 ,, 
° Found. 
Calculated for —__s 
Co H,O;NeAg. ) - II. 
50°01 50°04 per cent. 
4:49 421 - 
 speeenige 22:72 22-95 


University Laboratory, 
Bonn. 


XLVI.—Limits of Accuracy attained in Gold-bullion Assay, 


By T. K. Rosz, B.Sc., A.R.S.M., Assistant Assayer, Royal Mint. 


Section I. © 


In a paper read before the Royal Society (Phil, Trans., 1828, 79—96), 
Mr. James Prinsep, Assay Master of the Mint at Benares, gives an 
account of experiments on the measurement of high temperatures by 
differences in the behaviour of a number of silver-gold and gold- 
platinum alloys when heated. He ‘made trials in different parts of 
the same (muffle) furnace. The disparity of heat,” he remarks, “is 
greater than might be supposed, and where, as in assaying the precious 
metals, so much depends on the temperature at which the operation 
is performed, it would be useful to know every difference in this 
respect obtaining in different countries, and its effect upon the quality 
or standard of bullion.” 

It is not a little remarkable that, notwithstanding the fact that 
three generations of Assayers have passed away since Mr. Prinsep 
wrote, no attempt has been made, since 1827, to repeat and extend 
his experiments, doubtless because it was believed that no trustworthy 
pyrometer suitable for the purpose had been devised. In the elucida- 
tion of other problems of assaying, much work has been done. | 
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need only refer te the careful experiments conducted by D’Arcet, 
and by Chaudet, by Pettenkofer (Bergwerk’s freund, 1849, 12, 6), 
Roessler (Dingl. polyt. J., 206, 85), by Pelouze and Fremy .(Traité 
de Chimie), by Kandelhardt, by Bruno Kerl, by C, Tookey (J. Chem. 
Soc., 1870, 23, 367), by Robert Barton (Proc. Roy. Soc. Viet., 1875), 
and by Paul Charpentier (Compt. rend., 1889, 108, 612), to show that 
the question of improving the methods used in bullion assaying has 
engaged the attention of numerous skilful operators. Nevertheless, 
in 1882, Professor W. C. Roberts-Austen could only write (Thir- 
teenth Mint Report, p.47) that “the errors are certainly comprised 
within the limits + 1/10,000th part, or within a range of 2/10,000.’’ 
Even this degree of accuracy (which, I believe, is still considered to 
be the highest possible) is only attained in the ordinary course of 
business in assay offices in assaying gold which is nearly pure, or 
contains, as alloying metals, only copper and silver. The difficulty 
of obtaining a sample which is representative of a large mass of 
metal within limits closer than this makes this degree of accuracy 
sufficient for most ordinary commercial purposes, although in: parti- 
cular instances it is not quite satisfactory. 

Regarding the ordinary method of gold assaying, however, as one 
which may be adopted in conducting scientific research, it is of great 
interest to ascertain what are the causes of error, and to find out how 
they may be either avoided or reduced in amount. It was the need 
of greater accuracy which I felt when conducting some other in- 
vestigations (including those in the next paper) which led me to this 
inquiry. 

A description of the present practice employed in gold-bullion 
assaying is unnecessary here, as it would scarcely differ from the 
detailed account given in Percy’s Metallurgy of Gold and Silver. It 
may be mentioned, however, that the “ surcharge ” is the algebraical 
sum of the losses of gold sustained during the various operations, 
and the amount of foreign substances (chiefly silver) existing in 
the gold cornet at the time when it is weighed. It is generally a 
positive quantity, and is applied as a correction to the observed 
weight, being determined by means of synthetic checks or proofs 
which are subjected to the same conditions as the alloys under 
examination. In view of this use of checks, it is clear that all con- 
stant errors are eliminated from the bullion assay, except that intro- 
duced by the use of impure gold. The gold used for checks at the 
Royal Mint is very carefully prepared, and is equal in’ purity to the 
purest gold prepared in other assay offices, as is shown by numerous 
trials at different times, All other errors are introduced by dif- 
ferences in the conditions to which the respective assay pieces are 
subjected. 

3B 2 
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I have found that the chief causes of error are :-— 


1. Imperfection in even the finest balances which are used. 

2. Differences in composition between the controlling check assay 
pieces and the alloys under examination. 

3. Variations in temperature in different parts of the cupellation 
muffle. 


Other causes, such as the use of impure gold (erroneously regarded 
as pure) for checks, errors of observation in weighing, &c., are easily 
preventible, and will not again be referred to. There is another set 
of causes, dependent on the skill of the worker in preparing cupelled 
buttons for parting, which I have not fully investigated. All these 
buttons must be flatted, rolled, and annealed in exactly the same 
manner, otherwise, the physical condition of the fillets being different, 
the action of the acid on them may not be identical. In particular, 
rough-edged fillets may suffer loss in the acid by detachment of small 
fragments. Some of the errors noticed in the experiments described 
below, and unaccounted for, are probably due to these causes, in 
spite of the skill possessed by Mr. Joseph Groves, who, at the Royal 
Mint, performs the operations mentioned above. When, however, 
efforts are made to reduce the errors resulting from the three known 
causes, a higher degree of accuracy is attained than has hitherto been 
believed to be possible, the error being reduced to + 0°02 per 1000. 


Imperfection of the Balances used. 


The assay balances in use at the Royal Mint up to the year 1892 
would turn under a load of 0°5 gram (denoted by the figure “ 1000”), 
on the addition of 0°000025 gram or 0°05 per 1000. The balances 
at other assay offices are of similar delicacy. The weights of the 
check-pieces were recorded in terms of “tenths” and “half- 
tenths” per 1000, whilst the ordinary assays were recorded in terms 
of “tenths” (that is 0°1 per 1000). The total weighing error in the 
report of the latter is the algebraical sum of four weighing errors, 
namely, those on the initial and final weighings of the checks and of 
the ordinary assays. The Mint Assay Office now contains at least one 
balance capable of registering a difference of 0°01 per 1000 undera 
load of 0°5 gram, when the operation of weighing is performed with 
due precautions. The weighing errors on the old and new balances 
are as follows. 
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Probable errors Maximum errors 
per 1000, per 1000. 


.C +0°017 "+005 
2. Ordinary assays....... +0°033 +01 
3. Ordinary assays after 


+0°037 +015 


New balance— 
1. Checks...... +0°007 +0°02 
2. Ordinary assays ...... +0°007 +0°02 
8. Ordinary assays after 
applying the proof cor- 
FOCHION «5. cccccecece +0°01 +0°04 


The probable errors are calculated by the following well-known 
formula given by Kohlrausch (Physical Measurements, p. 9). 
If f, and f, are partial errors, and F is the total error, then 


F= Jf +f 
The resulis were kindly verified for me by Mr. P. T. Wrigley, M.A., 
of the Royal College of Science, who used a method of integration. 

The precautions observed in weighing on the new balance are those 
given by Kohlrausch. The weighings were performed by substitu- 
tion, using the method of oscillations, and without allowing for the 
displaced air. This was permissible, as only the relative weights of 
bodies which differ very slightly in form and density were required. 
The same weight was used as a counterpoise throughout; the devia- 
tion of the needle for 0°25 milligram was carefully measured, and the 
subsidiary weights, which were rarely required, were tested before 
use. Each weighing was performed several times, and the mean 
of the results, which seldom differed by as much as 0°01, was taken. 
The maximum error of observation was not greater than + 0°01 
per 1000. 

The following is a series of actual weighings taken at random 
from a large number. The figures in the first column were obtained 
by weighing in the ordinary manner tho cornets resulting from 
assays made with pure gold; those in the second column, from the 
same cornets, by using the precautions mentioned above. 
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Surcharge reported as 
usual, that is, 0°05 per 1000. to 0°01 per 1000. 


+0°45 per 100 +0°45 per 1000 
0°40 o 8 Onb5 = 


Surcharge reported 


Mean..... 


ead eeree 


Mean... 


+0°15 per 1000 


0°20 
0°20 
0°25 


0°20 


0°25 
0°20 
0°27 


0°27 


+0°35 per 1000 


0°47 
0-41 


-0°445 


” 


” 


” 


+020 per 1000 


0°26 
0°22 
0°25 


» 023 


+0°28 per 1000 


0°27 
0°22 
0°26 


0°26 


” 


” 


9? 


” 


+0°94 per 1000 
_ 9°99 

0°96 

0°96 


0°96 


The probable errors on the foregoing results are, on an average, as 


follows. 


Surcharge reported Surcharge reported 
as usual, to 0°01 per 1000, 


Mean ceocesessee +0°022 +0°007 
On single result... +0°044 +0°014 . 


These results show that the probable errors may readily be reduced 
in practice to one-third the usual amount by the more accurate 
weighing which very delicate balances render possible. 

In the results of all assays recorded below, the weighings were 
performed with the precautions above referred to. 


Differences in Composition of Assay Pieces, 


The influence of small differences in composition of the assay 
pieces has not been recognised as affecting results. The effects of 
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t differences have been worked out and tabulated by Roessler 
(Dingl. polyt. J., 206, 185), Pelouze and Fremy (Traité de Chimie), 
and others. 

The variations are usually due to two well known causes, 

1. If the proportion of copper is increased, more gold is absorbed 
by the cupel. 

2. If the weight of silver added to the gold is quate or less than 
21 times that of the gold, more silver is left undissolved in the cornet, 
and appears as surcharge when the cornet is weighed. 

Influence of Copper.—This is illustrated by the following results. 
The weight of silver was, in each case, 1°25 grams, and of lead 


4 grams, 


916°6 900 
83°3 100 


+0°22 
0°23 
0°20 
0°18 


Composition f gold..... 
of alloy poorer oe 


Surcharge 


800 
200 


—0°07 
0°08 
0°07 
0°03 


+021 —0:06 


+014 +0°08 
Other similar results were obtained. 

The difference between the surcharges shows that a variation of 
the copper present in an assay piece to the extent of a few milliemes 
only may give a sensible alteration in the surcharge ; consequently, if 
very accurate work is needed, checks must correspond more exactly 
with the alloys worked with them than is usually the case. This 
influence is appreciable, even in the assay of English standard bars 
and coins, as the alloying metal present in the nearly fine ingots 
which are melted with copper to form standard bars, although com- 
puted as copper, is often in part silver. A standard bar, taken at 
random from the Mint stock, contained— 


It is clear from the facts already stated that the surcharge on this 
bar might be sensibly higher that that on a standard bar containing 
only gold and copper. 


706 ROSE: LIMITS OF ACCURACY 


Influence of Silver.—The influence of differences of only 3 per cent, 
in the amount of silver present in the fillets prepared for boiling in 
the parting acid is shown below. All the assays were made 
together, each originally containing 1000 parts of pure gold, 

The silver in the cornets was determined by difference, after assay. 
ing them for gold, 


Silver in fillets ,.... 2470°0 parts 2400°0 parts 
»  .cornets.... 050 ,, 0°56 
055 0&4 
0°65 0°63 
0°57 0°78 
0°61 0°72 
0°55: _— 
0°62: _ 
0°69 — 


ee — 0°706 


The difference between these means represents an alteration of the 
surcharge, as the influence of small additions of silver on the loss of 
gold is inappreciable. It is evident, therefore, that such variations 
in the weight of parting silver, as often occur in assay offices, are 
sources of error, Even if the initial weight of silver be constant, 
the weight in the fillets may vary from unequal losses in the furnace, 
This loss was found to be about 1 per cent. when standard gold is 
being assayed, 1°6 per cent, in the case of gold 800 fine, and 3 per 
cent. if it is 666 fine. 

Influence of other Metals on the Surcharge.—The presence of 5 per 
cent, of bismuth does not affect the surcharge. The effect of some 
other metals is given below; all assay pieces contained 1000 parts of 
gold, 2500 parts of silver, and 91 parts of copper, other metals beirg 
added in the proportions indicated. 


Metal added.. None. Antimony, Zine. Tellurium, Iron, Nickel, 
50 parts. 70 parts. 33 parts. 50 parts. 50 parts. 
Surcharge.. +042 +028 +035 +002 +4022 +022 
0°44 0°28 0°38 0°12 0°32 0°25 

038 = — se aoe — - 


These differences indicate the necessity of employing special checks 
containing these metals if such be present in the alloys. 
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Influence of the Temperature of the Muffle on Surcharge. 


The results obtained by Mr. Prinsep, in the paper already referred 
to, are as follows. 


Maximum alloy 
melted. 


Muffle of an assay furnace: front........ pure silver 
ss . e : middle ere silver, 70} 

gold, 30 f 
: behind ee silver, 50 


age) [gold, 50 


The temperatures at which these alloys melt are 


Silver ...... 945° (Violle). 
Silver, 70 ° 

Gola, 30 f°" 960°. 

Silver, 50 
Gold, 50 


The melting points given, for the silver-gold alloys are based on 
determinations which I made with the platinum and rhodio-platinum 
couple, 

No other exact, experiments on the subject appear to be on.record. 
Differences in temperature between the front and back of the muffle 
are of course well known to exist, and checks are usually placed in 
various positions with a view to obtain a mean surcharge value that 
may be applied to all the assays. Nevertheless, checks cannot con- 
veniently be increased in number sufficiently to detect all the varia- 
tions of temperature in a large muffle, and the careful mapping out 
of the usual conditions prevailing in each case is much to be desired. 

With this view I conducted the following experiments on the muffle 
at the Royal Mint. The furnace is specially devised for keeping the 
temperature of the muffle uniform, being that described in Percy’s 
Metallurgy of Gold and Silver, pp. 255—257. 

While the experiments were being conducted, the muffle appeared 
as usual to be at a uniform orange-red heat. It is probable that in 
the ordinary work of assayers generally differences of temperature 
exist which are at least as great as those recorded below. 

Apparatus employed.—The pyrometer consisted of a thermo-electric 
couple formed of platinum and rhodio-platinum wires. It was the 
instrument used by Professor Roberts-Austen in. his. experiments 
(Proc. Roy. Soc., 49, 347, and Proc. Inst. Mech. Eng., 1891, 543), 
and was kindly placed at my disposal by him. 

The wires, sheathed in clay pipe-stems, were fixed in a porcelain 


990°. 
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tube, the junction being protected by plates of mica. This tube was 
introduced into the furnace by sliding through another of wider bor 
fixed in the brick door of the muffle. The inner end of the narrow tube 
was plugged by clay and coated over with a fusible mixture of sand, 
pipeclay, and felspar. The galvanometer was shielded from radiation 
from the furnace, and remained at about a constant temperature, 
but the zero was freqnently determined in order to detect any 
changes. In calibrating the wire, the effects of heating various 
lengths of it were noted, and allowance made for the alterations in 
the deflections of the needle due to this cause. The junction was 
kept stationary at each point in the muffle until its temperature had 
become constant, as indicated by the cessation of movement of the 
spot of light on the scale. The calibration of the wire was kindly 
effected for me by Mr. H. C. Jenkins, Professor Roberts-Austen’s 
assistant, whose experience and skill in the management of the pyro- 
meter were also of great assistance-in carrying out some of the 
experiments. 

The muffle is 15 inches long, and 6} inches wide, and its full 
charge consists of 72 assays arranged in 12 rows, the distance between 
the front and back rows being 10} inches. The position of the junc. 
tion was about 1 inch above the cupels in all cases. The error in 
observation in taking the readings was probably not more than 
0°1 mm. on the scale, which was equivalent to 0°32°. 


A, 
Temperature in 
degrees above m. p. 
of gold-silver buttons 
left on the cupel, 
Place. Time. viz., 952°. 


Middle of 1st (front) row of cupels 10.19 a.m. 1140° 
9 0» ” 10.20 1130 

3rd row of cupels 10.21 123°0 

4th t 10.22 124°0 

7th . 10.23 1440 

3rd " 10.25 120°0 

eo (Sith, y 10.28 140°0 
Right side, 11th row of cupels.... 10.29 142°5 
Left ,, m e --+- 10.30 140°0 
Middle és -. 10.31 139°0 
” 3rd row Wi ecce | DORR 112°0 

” 7th ,, - ---e 10.36 1280 


The assay pieces were charged in between 10.5 and 10.11; cupel- 
lation was complete at 10.23, and the charge drawn at 10.47 a.m. 
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B. é' 
Time. Temp. above 952°. 
Middle of 3rd row.....e.eseeees 113 aM. 112°5° 
1315 
” 143°0 
” 123°0 
1125 


9 


” 


The assay pieces were charged in between 10.50 a.m. and 10,55; 
cupellation was complete at 11.8, and the charge was drawn at 11.30. 
The circuit was accidentally broken at 11.15. 


C. 
Place.. . Time. Temp. above 952°. 
Middle of 3rd row 
7th 
llth 
7th 
3rd 
llth | 
7th 
3rd 
3rd 


The assay pieces were charged in between 11.45 and 11.51; cupel- 
lation was complete at 12.8, and the charge drawn at 12.25. The 
muffle appeared to the eye to be decidedly cooler than usual. 

These three experiments were conducted on different days. They 
show that the temperature gradually rises in passing from the front to 
the back of the muffle, the rate of change falling from 5° per row of 
cupels at the front to about 2° at the back, whilst along the sides the 
temperature is 1° or 2° higher than in the middle line. The mean 
difference in temperature between the 3rd and 7th rows is 15°7°, and 
between the 7th and 11th rows 10°5°, whilst the mean temperature of 
the muffle is 1070°. These differences seem to exercise an effect on 
the absorption of gold by the cupel. The mean surcharge of the 
check assays in all the charges, 939 in number, worked off at the 
Royal Mint between January 1, 1880, and March 11, 1892, is as 


follows. 
: Check in middle of 


(a) 8rd row. (6) 7th row. (c) 11th row. 
+0°1828 +0°1533 +0°1347 


‘ Consequently, if,.as is probable, the experiments indicate the 
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ordinary conditions of the muffle, a rise of about 5° would correspond 
to a diminution in the surcharge of 0°01 per 1000. 


In conclusion, the results of sorhe assays on synthetic alloys of gold 
and copper are appended, in which care’ Was taken to keeji the 
temperature uniform for each set ; the amount of silver added was, in 
each case, 2} times that of the gold, and the lead 4 grams. 


aids gold, 1000] gold, 800 
Composition of alloy.. oe 91 expen, ol 
Gold found.. 799-74 

"85 
"84 
‘71 
‘73 
‘73 


999-966 799°767 


In these cases, the surcharge is negative, and if the mean loss of 
gold is allowed for, the probable errors on single results are respec- 
tively + 0°017 and + 0-039. 

These results are taken at random from a number of others to 
show the degree of accuracy I have found practicable. In some 
cases, perfect agreement to the 1/100,000th part has been obtained 
in several assays. 


The conclusion may be drawn that in the determination of gold 
in high-grade alloys of gold and copper, or of gold, silver, and 
copper, whether pure or contaminated by small quantities of lead, 
bismuth, zinc, antimony, nickel, and some other elements, the error 
does not exceed + 0°02 per 1000, if the mean of three concordant 
results is taken. 


Secrion II. 
Losses of Gold in Bullion assaying. 


The losses of gold can only be incurred in three ways, namely :— 
1. Absorption by the cupel. 

2. Volatilisation in the muffle. 

3. Solution in the acid. 

The two latter causes of loss were discussed by the late Mr. G. H. 


e2ezeprpeste wsers ws Se 


ATTAINED IN GOLD-BULLION ASSAY. 711 


Makins in a paper “On certain Sources of Loss of Precious Metals in 
some Operations of assaying,” which was read before the Chemical 
Society and published in their Journal (1860, 13, 77). He found 
gold and silver in the proportion of about 1 to 9 in the dust taken 
from a flue used only in gold and silver cupellation, but did not 
attempt to ascertain the percentage loss of gold by volatilisation. 
He also showed that large amounts of gold were dissolved by nitric 
acid in the course of assaying, and attributed the dissolution of gold 
to the presence of nitrous acid, but supposed that it would not be 
dissolved in the weaker acid, where nitrous acid was formed in 
larger quantities, owing to the protective action exercised by undis- 
solved silver, which formed the positive element in the gold-silver 
couple. The fact that gold is actually dissolved in nitric acid, pre- 
sumably as oxide, and remains dissolved even after dilution with 
water, was proved by Mr. A. H. Allen (Chem. News, 25, 85). I found, 
at the Royal Mint, that the spent acid which had been used in the 
second boiling, during which very little silver is dissolved, after 
standing for several weeks, contained 1‘2 milligram of gold per litre, 
whilst after dilution with 25 per cent. of water and subsequently 
standing for several weeks, it was still found to contain 0°45 milli- 
gram of gold per litre. 

The experiments described below were conducted with a view to 
ascertain the relative amounts of the losses from the three sources 
mentioned above. The assays were worked with others in the 
ordinary course at the Royal Mint, but were boiled in acid in separate 
vessels. 

In estimating the gold and silver in the cupels, the unstained 
bone-ash was scraped off, and the remainder passed through an 
80-mesh sieve by crushing in a clean porcelain mortar. The powdered 
bone-ash was fused with the usual fluxes in clay pots. The resulting 
lead buttons, which weighed from 350 to 450 grains, were scorified 
to a small bulk, cupelled; and parted. The slags, which were very 
liquid and light coloured, were fused again with litharge and charcoal, 
and the resulting lead buttons added to the others. My thanks are 
due to Mr. W. Groves for assisting me in making some of these 
determinations. 

The materials used were all reputed to be pure, and free from gold, 
but, on assay, there proved to be 6 parts of gold in 1,000,000 parts of 
the silver, and 9 parts of gold in 13,000,000 parts of the lead. 
Allowance was made for this, and a blank charge of fluxes and cupel 
ran side by side with the others, and the gold thus found deducted 
from that found in the real charges. 

The gold present in the acids was found by evaporating to dryness 
with litharge, and fusing, cupelling, and parting the residue. 
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Samples of the acids, before being used for parting, were treated in 
the same way, and the gold thus found was deducted from the 


results. 
The results are given in the table on p. 712. 


‘All the weights recorded in the table are in milliemes (half milli- 
grams) and decimals thereof. The silver and other impurities in 
the cornets was estimated by difference, the mean of four results 
being taken. The greater loss of gold observed when the surcharge 
is low is caused by a high temperature of cupellation, 

The strengths of the acids used were 


No.1. Sp. gr. 1°25, 
No. 2. - wae 


The large quantity of gold dissolved in Exp. No. 3 may possibly be 
due to the fact that the fillets were annealed at a higher temperature 
than usual, and were very soft and “‘ blistered.” 

The sets marked a and b were, in each experiment, cupelled at the 

same time (other assays being also present) and boiled together; it 
was assumed that equal amounts of gold were dissolved from each 
set of four assays. | ; 
. The amount recovered from the cupels includes the microscopic 
beads of metal, easily seen under a 2-inch objective, which may be 
frequently detected forming a broken ring close to the cupelled 
batton. 

It will be noticed that in each experiment detailed in the table the 
amount of gold recovered is less than that originally lost, but the 
difference between these cannot be said, with certainty, to repre- 
sent the amount volatilised in the muffle, as the errors of five sepa- 
rate determinations are all accumulated here. These errors may, 
to a certain extent, counterbalance each other, and it is unlikely that 
they are all in one direction, as in each case the estimations were 
corrected by the results of check assays made at the same time, The 
degree of reliance to be placed on the results may be gathered from 
an inspection of the table. It seems fair to draw the conclusion that 
the usual loss by volatilisation in an ordinary bullion assay (which 

approximates in composition to the 916 standard) is probably less 


than 0°1, but not less than 0°05, per 1000. 


714 


XLVII.—The Volatilisation of Metallic Gold. 
By T. K. Rose, B.Sc., A-R.S.M., Assistant Assayer, Royal Mint. 


TE volatilisation of gold has long been known to take place at high 
temperatures. Robert Boyle was unaware of the fact, but Homburg 
gilded a silver plate in 1709 by holding it over gold strongly heated 
in the focus of a burning mirror (Encyclopedia Britannica, 1778, and 
Gmelin’s Handbuch). St. Claire Deville volatilised and again con. 
densed gold when melting it with platinum, and Napier, Assayer to 
the Mexican Mint, investigated, in 1857, the losses sustained by 
heating gold and its copper alloys in a muffle furnace (J. Chem. 
Soc., 10, 229, and 11, 168). The rapid volatilisation of gold, when 
heated by an ordinary blow-pipe, was first proved in 1802 by 
Dr. Robert Hare, of Philadelphia (Tilloch’s Magazine), a purple stain 
being thus produced on bone-ash in a few seconds. Lastly, Fuchs 
{ Wien. Akad. Ber., October, 1850), Plattner, in his Metallurgische 
Réstprozesse (Freiberg, 1856), and Professor S. B. Christy (Trans, 
Ann. Inst. Mng. Eng., May, 1888), have fully investigated the va- 
porisation of gold in the oxidising and chloridising roasting of ores. 
The experiments described in this paper were undertaken for the 
purpose of ascertaining the amount and cause of the losses sustained 
through volatilisation in melting gold and its alloys. I used 
Napier’s method, and not the accurate one of Van Riemsdijk, who 
heated silver and its alloys in porcelain tubes, because it seemed that 
the larger size of a muffle makes the estimation of its temperature 
easier, and renders the simultaneous heating of several alloys possible. 

Having regard to.the enormous quantity of gold bullion melted 
annually, the value of which is estimated at over one hundred millions 
sterling, it is evident that a small percentage loss may be of great 
commercial importance, and therefore the reduction of that loss is 
much to be desired, whilst, on the other hand, the inquiry is by no 
means devoid of scientific interest. The average loss in melting 
standard gold (containing 1 in 12 of copper) at the Royal Mint was 
given by Professor W. C. Roberts-Austen, in 1870, as 0°119 per 1000, 
and did not exceed 0°140 per 1000 during the 20 years, 1870—1889, 
after taking account of the amounts recovered from the ground-up 
crucibles, slags, ashes, and floor-sweepings. Part of this loss is, no 
doubt, mechanical. The loss in melting bullion containing zinc, 
arsenic, antimony, mercury, and other volatile metals which occur in 
unrefined gold in extraction mills is believed to be much greater, 
but there appears to be no record of exact experiments on the 
subject. 
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Before beginning my experiments, I thought it desirable to examine 
the conditions under which the gold bars for coinage are melted at 
the Royal Mint. The temperature of the metal in the crucibles just 
before pouring was therefore determined by the thermo-junction 
already mentioned, the arrangements being made with the help of 
Mr. H. C. Jenkins under the supervision of Professor Mobests Aubin. 


The results were as follows :— 


Temp. Remarks. 
Ist cracible 1068°5° Appeared colder than. usual. 
” er ;° - normal. 


3rd : ” ” 


Mr. Jenkins and I afterwards found the melting point of standard 
gold to be 946°, or 99° lower than that of pure gold. The usual tem- 
perature of the metal just before pouring may therefore be taken as 
from 180° to 200° above its melting point. This temperature is not 
maintained for more than a few minutes. 

The atmosphere at the surface of the gold doubtless consists almost 
entirely of carbonic oxide and nitrogen, which are not in rapid 
motion, as a cover to the crucible is used and pieces of charcoal float 
on and protect the metal. 

These conditions have been partially reproduced in some of the 
experiments detailed. 


Methods and Materials Employed. 


The gold used in most cases was the pure goid used as checks in 
the Royal Mint Assay Office ; in the other vases, parted gold (cornets) 
was used, containing from 04 to 0°7 part of silver per 10U0. The 
copper was the purest electrotype metal obtainable, aud the silver 
was 999°7 fine. The other metals were purchased as pure, but not 
subjected to analysis. 

The alloys were made up, wherever practicable, by melting the 
gold in a graphite crucible, adding the other metal, mixing thoroughly, 
and cooling quickly under oil or charcoal. Pieces were then cut for 
assay and for the muffle experiments. The gold-leaf and gold- 
platinum alloys, however, could not be obtained sufficiently homo- 
geneous in this way and were synthetically prepared for each ex- 
periment. 

The weighings were subject to a maximum error of 1/200th 
milligram (0°01 per 1000) when the weight taken was not miore 
than 0°5 gram, and to an error of ,';th milligram when 2 grams of 
metal was employed. 

The change of weight of the buttons in the muffle was in ne case 
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taken as a final indication of the loss of gold, the amount of gold r. 
maining being determined by a parting assay. Furnace gases appear 
in every case to have been absorbed by the molten metals, the amount 
varying in weight from 0°25 per 1000 in the case of pure gold heated 
in a current of air to 1285° and withdrawn while still molten, up to 
7°8 parts per 1000 absorbed by gold heated in a stream of coal gas to 
about 1250° and cooled slowly. These amounts seem large, but it 
must be remembered that Mr. Jas. Prinsep (Phil. Trans., 1828, 71) 
found an increase in weight of 14°5 per 1000 in melting an alloy of 
gold; 930 parts, and platinum, 70 parts, in a forge fire, and similar 
ittcreases in the case of other alloys, although on dissolving them in 
aqua regia no residue of carbon was left. 

This question of the absorption of gases by metals is one of which 
the importance is now fully recognised. Graham’s classical exper- 
ments (Phil. Trans., 1866, 399—439) are well known. He found 
that gold cornets, when strongly heated in a vacuum, gave up 0°2 per 
1000 of their weight, or 2:12 times their volume of gas, the bulk of 
which was carbonic oxide. It should be observed, however, that the 
metal which he examined was gold “ parted” from silver by the 
action of nitric acid, and then heated for less than five minutes to a 
temperature far below its melting point, while in my own experiments 
and in those of Prinsep, the metal was kept fused for some time. It 
should not be forgotten that it has yet to be demonstrated that the 
increase in weight in the latter case really represents gas, but 
Neumann’s results (Abstr., 1892, 567 and 942) render it not at all 
improbable ; this is a matter for future inquiry. 

I did not estimate the amounts of the metals other than gold which 
had been volatilised, but in some cases rough guesses at these quan- 
tities could be made by assuming that the alloys absorbed the same 
weight of furnace gases as the pure gold buttons by their side, an 
assumption which could only be used with extreme caution and could 
not be made if air were present. 

The alloys were charged into the muffle in bone-ash cupels. 
Loosely fitting bone-ash covers were employed in an atmosphere free 
from currents, but there were no covers when a draught was used. 
When the test pieces were to be heated in a current of air, they were 
charged into a hot muffle and withdrawn while still molten. In the 
other cases, they were charged in before lighting the furnace and 
removed after it had again become cold so as to prevent oxidation. 

The muffle employed was 9 inches lony, 5 inches wide, and 43 inches 
deep, with a capacity of 175 cubic inches ; it had a separate flue, so 
that the products of combustion of the fuel could not enter it except 
by diffusion through its walls. This flue could be completely closed 
to stop all draught. Owing to the special construction of the furnace, 
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the temperatare of this muffle could be varied with great rapidity, ang 
a rise or fall of 100° in five minutes and three minutes respectively 
could be obtained, whilst the temperature could readily be kepi 
constant. Efforts were made to heat the muffle uniformly, but the 
temperature was doubtless in all cases higher at the back than jn 
front, and the losses varied proportionately ; to reduce this unknowy 
factor, the mean loss suffered by three pieces of similar composition 
in different parts of the muffle was taken as the loss at the observed 
temperature. 

The temperatures were in most cases determined by the pyrometer 
already mentioned. When a reducing. atmosphere was required in 
the muffle, a porcelain tube with a closed end similar to that described 
in the preceding paper was passed through the brick door and care. 
fully luted with clay, and the junction placed in it. The temperature 
was in the other cases, duly noted, taken by the Le Chatelier optical 
pyrometer described in the Proc. Inst. Civil Eng., 1892, 90, 110. 
This instrument had been carefully calibrated, but its accuracy 
depends largely on the operator, and my readings are subject to an 
error probably not exceeding 10°. The interior of the muffle was 
viewed through a porcelain tube 12 inches long and $ inch in dia. 
meter, luted in the door and kept closed by a charcoal plug (whena 
reducing atmosphere was required) except when the readings were 
being taken. 

The losses of gold were sometimes accompanied by purple stains on 
the cupels and covers denoting condensation of the vaporised gold, 
but as Napier has proved by recovering this condensed gold that the 
metal is volatile in an ordinary muffle, I confined myself to the 
measurement of the losses sustained. Wherever a mechanical loss 
was suspected, owing to lack of concordance in the results or from 
any other cause, the results were rejeeted. 

The results obtained. by heating fine gold and gold-coprer alloys 
under different conditions are given in the table on p. 717. 


Remarks on the Table. 


The losses recorded are the means of three closely agreeing results. 
The buttons were all well rounded, the fine gold being malleable and 
lustrous (except in cases when it was heated in carbenic oxide), 
whilst the copper alloys were hard and crystalline. 

The atmosphere of ‘‘ carbonic oxide and nitrogen ” was obtained as 
follows: the test pieces were charged in and the furnaces lighted; 
the muffle was then loosely filled with burning pieces of charcoal, the 
door closed and luted up, and the fire urged. The muffle was not 
again opened until it was quite cold, when in eyery case the charcoal 
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to have been extinguished immediately the door was closed, 
and was unconsumed. Nevertheless the copper alloys were invariably 
discoloured by oxidation, although the weight removable by dilute 
sulphuric acid was insignificant (0°3 per 1000 and under). This oxid- 
ation was, perhaps, due to dissociation ef CO, as the alloys could 
pot have been hot enough for the oxidation of the copper until long 
after the charcoal had been extinguished for lack of air. 

The “mean temperature ” during an experiment was the mean of 
a number of readings taken at equal short intervals of time. 

Conclusions drawn from the Table-—1. The loss of gold on heating 
the pure metal rises with the temperature, being four times as great 
at 1250° as at 1100°, whilst it is insignificant at 1075° and probably 
nil at 1045°, the melting point ( Violle). 

2. An atmosphere consisting largely of carbonic oxide is apparently 
favourable to the volatilisation of gold, the rate being six times 
greater than in an atmosphere of coal gas at the same temperature. 
The increased loss when the graphite crucible was substituted for a 
cupel may be noticed in this connection; clay crucibles of similar 
shape to the graphite one have an opposite effect, the loss being less 
than on cupels. 

3. The increase of loss of gold alloyed with copper when the per- 
centage of the latter metal is increased, which is observable in one 
of Napier’s experiments, is confirmed. 7 

The volatilisation of gold-copper alloys merits further investigation, 
as it is of great industrial importance. The high percentage of the 
losses shown in the table are, no doubt, due to the smallness of the 
masses treated. 

The following experiments were then conducted on gold alloys to 
determine the relative effect of other metals on the volatilisation of 
gold; only the means of the results are given. 


A. Atmosphere, carbonic oxide and nitrogen. 
Temperatures, determined by the optical pyrometer, as fol- 
lows :— 


Furnace lighted. 
Dull red heat. 
1045°. 

4.12—4.52 .....,000e00+- Mean, 1090°. 
Maximum, 1120°. 


The test pieces each contained 0°5 gram of parted gold (999 6 fine) 
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in the form of thin foil, in which 0°025 gram of the impurity wag 


wrapped. 


antimony 
bismuth 


The buttons were dull but well rounded. Slight surface oxidation 
had occurred in the cases of copper, nickel, zinc, bismuth, and anti- 
mony. The arsenic and mercury appeared to have volatilised 
entirely, the cadmium to the extent of about three-fifths of the 
amount present, but the others hardly at ail. The arsenic may 
have volatilised wholly or in part before it could alloy with the 
gold. 


B. Atmosphere, a current of air. 
Temperatures, by optical pyrometer, were as follows :— 


At 3.10 P.M. ccccvccccene -» 1080°. Test pieces charged in. 
99 BLO—3°55 P.M. cee eens Mean, 1170”. 

Maximum, 1215°. 

1145°. Test pieces withdrawn. 


The test pieces were made up as in A. 


” 
+» antimony 


2 » bismuth 


The buttons were all well-rounded, with brilliant lustre. The 
silver had volatilised to the extent of 0°75 per 1000 of alloy, or 
15 per 1000 of the silver present. The lead, antimony, and bismuth 
had disappeared, having been either volatilised or absorbed by the 
cupels; some of the gold may have been carried by the oxides into 
the cupels, but I was unable to detect it in the stained portions. 
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C. Atmosphere, carbonic oxide and nitrogen. 
Temperatures (by optical pyrometer), were as follows :— 


1L AM. ...- ecececers «e+. Furnace lighted, 
11.20 am. .. 1045°. 
11.35—12°35 Mean, 1245°. 
Pi iin és ks 4000 vbcwne Furnace checked. 


Alloys prepared beforehand were used (except No. 2), the test 


pieces containing 0°5 gram in each case. 


Approx. loss 
Loss per 1000 _ — off metal 
Composition of alloy. of gold. _ per 1000 of alloy. 


a. Front of 0°40 P52 
muffle 

b. Middle. 0°85 ? 55 

c. Back .. 1°30 ? 70 


9 { Gold. 932-0 \ 1:35 2 


917°8 
§2°2 


Platinum.. 68°0 
937°0 

ry “¢ ? 
3{ pi 19 4 


4 { 953°0 \ 165 2 42 


Tellurium . 47:0 


The zinc results are given separately (as they are not concordant), 
with the approximate loss of zinc in each case. In the other cages, 
the means are given as usual. The zinc-gold buttons were well- 
rounded and highly crystalline: the antimony buttons had cup- 
shaped depressions on their upper surfaces; both these were slightly 
oxidised. The telluriam buttons were very flat and adherent to the 
cupels, which were stained greyish- purple. 


D. Atmosphere, stream of coal gas. I judged the temperature by 
the appearance of the furnace; the fire was urged to the 
utmost as in experiments Nos. 4 and C. 


At 3.0. cc cccccces cevces Fire lighted. 
About 0°. 
»  +200°. 
Furnace checked. 
Dull red. 
Muffie warm to the hand. 


The stream of coal gas was rapid enough to fill the muffle completely 
in 18 seconds, so that its mean rate of speed in the muffle was 2} feet 
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per second. It was stopped at 5°20. A light coating of soot was 
deposited on the inside of the muffle, and no oxidation of the metals 
appeared to have taken place. 


Approx. loss 
Loss per 1000 of base metal 
Composition of alloys. of goid. per 1000 of alloy. 


0-42 — 
47 205 


0°52 


057 


Tellurium .. 


The buttons were all bright and well rounded except those contain- 
ing tellurium, which were irregular in shape. 


E. The losses sustained by pure gold and gold containing 5 per 
cent. of platinum, at a mean temperature of 1075° (by 
optical pyrometer), in a current of air, ir 1 hour 20 minutes, 
were as follows :— 


Pure gold lost 0°12 per 1000. 


Platinum alloy lost a 


The difficulties encountered in assaying gold-platinum alloys make 
these results (although they are the means of three concordant 
determinations) less trustworthy than most of those previously 
given, 


Conclusions. 


1. Although the temperatures employed were higher than those at 
which pure zinc, cadmium, and telluriam, and probably antimony 
and bismuth, are distilled, yet these elements were never completely 
volatilised. The “temperature of dissociation of the alloys,” as in 
the case of the bismuth-arsenic alloy investigated by Mr. E. Matthey 
in a paper read before the Royal Society, January 26, 1893, is mueh 
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higher than the ordinary distillation point of the more volatile con- 
stituent. Thus zinc boils at 950°, but its gold alloy loses little or no 
zinc at 1120°, and still retains part at 1250°, whilst antimony was not 
driven off to any extent by the highest temperature attained. Copper 
appears tO pass off more easily than some of the so-called volatile . 
metals, perhaps because the dissociation of its alloy with guld may not 
form an initial stage of the operation. 

2. The amount of gold lost depends partly on the volatility of the 
alloyed metal, but perhaps too much stress has been laid on this 
factor in the past, the results of heating alloys of mercury, zinc, 
antimony, and copper pointing to that conclusion. A metal with a 
strong attraction for gold, such as copper, may carry it off, perhaps, 
as a vaporised alloy, more easily than one which mixes with it less 
intimately. 

The volatility of gold seems to be increased by the presence of 
any impurity, even by the non-volatile metals such as platinum. 

3. It is remarkable that those imparities which reduce the surface 
tension of the outer film of a button of liquid gold appear to in- 
crease the vapour pressure of the metal as indicated by the loss on 
heating. 

When 65 of pure gold is melted on a cupel, it takes a shape 
approaching that of a sphere, its flat base being about 2°0 mm. in 
diameter, and the sphere about 3°0 mm. in diameter, and the greatest 
height about 2} mm. If 5 per cent. of platinum or of lead is added, 
the sphericity is fully maintained or even increased, whilst the loss 
on heating is little affected. The addition of 5 per cent. of copper or 
of zinc to pure gold reduces the sphericity to a slight extent and 
decidedly increases the volatilisation ; 5 per cent. of antimony makes 
the button perceptibly flatter, and the base has a diameter of about 
25 mm., whilst the loss is double that in the case of zinc: tellurium 
has a very marked effect, less than 1 per cent. causing the button to 
spread out, so that the base is the widest part and has an irregular 
instead of a circular margin (another sign of reduced cohesion), 
whilst the effect of this element on the volatilisation of gold is 
equally striking. 

4. A current of air or coal gas insufficient to disturb the surface 
of the liquid metal does not appear to increase the volatilisation, but 
it is well known that a rapid current, such as that given by a blow- 
pipe, by which the liquid is thrown into waves, causes rapid dis- 
tillation of gold. I have found that a piece of gold weighing 
05 gram loses half its weight in an hoor if heated on a cupel by a 
foot-blowpipe (the temperature attained being probably less than 
1360°), and only a few minute beads are observable, detached from 
the main button. Alloys of copper and gold disappear much more 
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rapidly. No doubt most of the gold passes off as spray, but perhaps 
part of the loss may be due to rapid volatilisation and could not be 
correctly described as mechanical loss. 

It is evident that none of the conclusions suggested above can be 
regarded as finally proved, owing to the incompletenesss of the experi. 
ments. 


XLVIII.—The Dissolution of Gold in a Solution of Potassium Cyanide, 


By R. C. Mactaurim, B.Sc., Auckland University, New Zealand. 


THE recent introduction of a process for the extraction of gold from 
its ores by means of a solution of potassium cyanide has drawn 
attention in mining countries to the conditions surrounding the dis- 
solution of gold through the agency of this substance. Our present 
knowledge of the subject is as follows. 

Gold is soluble in cyanide of potassium solutions, but the nature of 
the action is disputed. Most of the text books refer back to Elsner 
(J. pr. Chem., 3'7, 333), and credit him with the explanation em- 
bodied in the following equation :—4Au + 8KCN + O, + 20H, = 
4AuCN,KCN + 4KOH. On the other hand, Macarthur, in a paper 
read before the Society of Chemical Industry (Journal, 1890, p. 270), 
calls in question the necessity of oxygen. He treated an ore witit 
cyanide, with free access of air, and then made a parallel experiment 
with boiled water, the bottle being filled to the stopper with solution 
and ore, and the stopper sealed. The extraction was the same in 
both cases. 

It appears that the rate of dissolution of gold decreases with the 
concentration of the cyanide. This statement is made by the authors 
of the cyanide process of extracting gold, and is supported by L. 
Janin, who states (Hng. and Min. Journ., 46, 548—459; J. Soc. Chem. 
Ind., 1889) that the solubility of cement silver was found to decrease 
as the strength of the solution increased, 24°7 per cent. dissolving in 
500 c.c. of a 4 per cent. solution, whilst only 17°6 per cent. dis- 
solved in the same time in a similar quantity of a 25 per cent. solution. 
The explanation suggested is that more hydrogen is liberated in the 
stronger solutions, and causes stronger polarisation. But even 
granting that Elsner’s equation is correct, we have still no clue as 
to how the oxygen acts. The three following modes of action appear 
the most probable. 
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‘1, The gold is oxidised by the oxygen in the solution, and the 
oxide formed dissolved by the cyanide, thus— 


4An + 0, = = 2Au,0. 
Au,O + 4KCN + OH, = 2AnCN, KCN + 2KOH. 


That gold can be oxidised by oxygen and moisture is denied in 
most works on chemistry, but Sky (Trans. N.Z. Institute, 8, 339— 
341) concludes from experiments on the amalgamation of gold by 
mercury, that in the presence of water and oxygen gold becomes 
coated with a film of oxide. 

2. The gold is dissolved by the simultaneous action of the cyanide 
and oxygen, the affinity of gold for cyanogen and that of oxygen for 
potassium being greater than that of potassium for cyanogen. 

3. The potassium cyanide is first oxidised to cyanate, thus, 2KCN 
+0, = 2KCNO, and the cyanate so formed dissolves the gold as 
expressed by the equation 2Au + 4KCNO + OH, = 2AuCN,KCN 
2KOH, or perhaps 2Au +3KCN + KCNO + OH, = 2AuCN,KCN 
+ 2KOH. 

In the experiments described in the following pages, some attempt 
has been made to settle these several points. 

In the first place, experiments were made to decide whether oxygen, 
either free or combined with potassium cyanide, is necessary for the 
dissolution of gold in potassium cyanide. The gold used in all my 
experiments was made from assay cornets (containing only a trace of 
silver), a number of which were melted together, the resulting button 
roiled, boiled in nitric acid, re-heated, and cut or stamped into plates 
of convenient size. The potassium cyanide used in the first experi- 
ments was prepared by dissolving pure potassium hydroxide in 
alcohol, passing hydrogen cyanide, evolved from potassium ferro- 
cyanide and dilute sulphuric acid, into this, collecting the potassium 
cyanide formed, and washing with alcohol, partly drying with the 
aid of the filter-pump, and removing the last traces of moisture in 
the water-bath. That used in the remaining experiments was ob- 
tained in the market, and contained 99 per cent. of KCN. The 
potassium cyanate was made by heating a mixture of ferrocyanide of 
potassium and manganese dioxide in a shallow iron dish, extracting 
with alcohol, and washing and drying as in the case of the cyanide. 
Distilled water was boiled during half an hour, and four bottles were 
filled with this (almost boiling), stoppered, inserted into distilled 
water, and allowed to cool. Gold, potassium cyanide, &c., were then 
added, the bottles filled up with cold (cooled in absence of air) pre- 
viously boiled water, stoppered, and inverted in water as before. The 
following table gives the results of these experiments, of two others 
carried out in an exactly similar manner, except that the solutions 
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were exposed in shallow glass vessels to the action of the air, and 
of two more in which the solution was placed in bottles containing 
oxygen. The gold plates used in these experiments were about 
3 inches by 3 inch. 


Taste I. 


92 hours in stoppeied bottles. 


[st weight of gold ..... 
2nd_sC(i,, * 


grams. 
16°0 
4°0 
lst weight of gold ...... 099475 
2nd_Sés,, = #onnes 0 °96250 0 *75430 
BBOR. «0.0 Soe cs ccccce 0 °03225 0 23995 | 


These results show that the rate of dissolution of gold is greatly 
increased by the presence of air, and still more by oxygen alone. 
They also prove tbat cyanate has no action. 

From the method of filling the bottles, the first four solutions in 
Table I might contain traces of air. To overcome this as far as 
possible, 1 made the following experiments. Fig. 1 shows a Dumas 
bulb of about 250 c.c. capacity. 5 grams of potassium cyanide were 
dissolved in 20 c.c. of boiling water; this solution was then passed 
into A, and the arm BCD thoroughly washed with more boiling water 
until A was about two-thirds full. A plate of gold rolled inte the 
form of a cylinder was then weighed, introduced as far as C, and 
the tube drawn out to a very small diameter at D. The solution in 
A was boiled for half an hour, and while still boiling the arm was 
sealed off at D before the blowpipe. After cooling, the gold was 
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shaken into the solution and left at rest for 24 hours. The gold was 
now returned to the drawn-out limb which was then broken at D, 
and the gold dropped into cold, previously boiled, water. Loss 


Fig. 1. 


0:(002 gram. The solution in A was now poured into a shallow 
glass vessel, the same gold added, and allowed to stand for 24 hours. 
Loss 000835 gram. In a second experiment, D was broken under 
water free from air, when the gold dropped out, and A was com- 
pletely filled with water. Loss, after 24 hours, 0°0003 gram. 

Having proved that oxygen is necessary for the dissolution of gold 
in solutions of potassium cyanide, I resolved, if possible, to determine 
the weight of oxygen required in dissolving a given weight of gold. 
In making experiments to determine this point, the following 
apparatus was used, 

ABC is graduated on the limb CE, and provided with a side tube 
BDH, closed at B with a screw clip, and at D with a stopcock. The 
experiment was conducted in the following manner. A thin plate of 
gold was hooked at one end, put into the J-tube and passed to C, so 
as to hang from the platinum wires fused in the glass at that point. 
The limb CE was filled with distilled water previously boiled, cooled, 
and saturated with oxygen. About 20 c.c. of oxygen were then 
passed up into CE, potassium cyanide dropped into A, and more of 
the water poured in through A, so as to fill BDH. B and D were 
then elosed, AB filled up with water and corked, BDH again opened, 
and levels in H and CE adjusted. After standing for 24 hours to 
ensure complete saturation with oxygen, water at a constant tem- 
perature from the vessel E was allowed to flow over limb CE, B and 
D were opened, and the volume of oxygen and height of barometer 
noted. The eudiometer was now inclined so as to bring the solution in 
contact with the gold. After standing for three or fourdays, the eudic- 
meter was again raised to the vertical position and DH filled with 
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water saturated with oxygen; B and D were then opened, and, after 
adjusting the levels, closed again. After the apparatus had been 


Fie. 2. 


allowed to remain in a vertical position for 24 hours, it was read as 
before. The difference between this reading and the first gave the 
volume of oxygen absorbed. Table II gives the results. Taking 
the atomic weight of gold as 196°85, and the weight of lc.c. of 
oxygen at N.T.P. as 0:00143028 gram, from the equation 4Au + 
8KCN + 20H, + O, = 4AuCN,KCN + 4KOH, the factor to con- 
vert gold into oxygen is calculated to be 0°04054. Theoretically, of 
course, the numbers found by multiplying this factor into the 
weights of gold dissolved should be identical with the numbers ex- 
pressing the weights of oxygen absorbed. The numbers in the last 


Taste II. 
Temperature 58° F. 


Duration in days........ 2 3 3 3 
Percentage KCN........ 1 1 2 2 


Loss of weight of gold .. 
. Loss x 0°04054 gives oxy- 
gen (weight) 
Vol. of O; absorbed at 
N,T.P. 
B. Weight of O, absorbed. .. 


0°13062 
0 0052453 


3°733 
0 :005339 


0 *28128 
0 -011403 


7 °268 
0 °0103881 


0°17833 
0°0072295 


4°897 
0 -00700408 


0 “16802 
0 00681153 


4,°424 
9 °006327 


Ratio of B to A; A taken as 
unity 


1 °0086 


0°911 


0 ‘9688 


0 “9289 
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jine of the table express the ratio between the theoretical weight and 
the weight found. 

The fact that the weights of oxygen absorbed are somewhat below 
those required by theory is probably due to the slightly reduced 
pressure towards the end of the absorption. The experiments are 
suficient to show that the dissolution of 2 atoms of gold requires 
l atom of oxygen. 

I now turned my attention to the rate of dissolution of gold in 
solations of cyanide of potassium of different strengths. Exps. 5 and 
6, Table I, tend to confirm the opinion that gold is more soluble in 
dilute than in concentrated solutions. With the view of further 
testing this point, the following experiments were made. Circular 
plates of gold of the same diameter, and exposing the same surface to 
the action of solvents, were accurately weighed on an assay balance, 
dropped into 50 c.c. of cyanide solution contained in Nessler glasses 
(the object being to have the same depth of liquid and the same 
surface exposed to the air in each case), and, after standing for 


2% hours, reweighed. 
Tasce IIT. 


Nos. stamped on oente 3 4 
KON per cent. ee , 5 10 


pe weight of gold. ‘ ' 0 °82705 | 0 °7851 
oo 00 | O° 0 °82385 | 0°78247 
Loss (24 ’hours).. -| 0° 2 0 -00320 | 0 -00263 


With half the depth of solution, that is 25 c.c. in each glass, I 
obtained the following results. 


Tas.e IV. 


KCN per cent.. ooo} “O°1 a Sa 10 20 50 

Ist weight of gold. /0 “74707 | 0°73248 0°77983 | 0-74605 | 0° 72630 0°87044 
2n | 0°74376 | 0°72830 0°77520/ 0-74209| 0°73325 0°87018 
Loss (24 hours) :)0° 00331 | 9°00418 | 0°00463 | 0 -00396 | 0 “00305 | 0 00026 


The greater solubility shown in the second of these tables adds 
further weight to the evidence already adduced as to the necessity 
of oxygen in dissolving gold by potassium cyanide. 

On passing a stream of purified oxygen through seven solutions in 
which gold plates were suspended by cotton, I obtained the results 
given in Table V (p. 731). 
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TaBLe V. 


KON per cent.. 5 | 10 20 30 

Ist weight of gold 0° 90975 0 94465 | 1 09955 | 09383 | 1 *16815 
2nd » |0°90130 | 0 93110 | 1 -08415 | 09268 | 1 -15960 

Loss (3 hours). . 000845 | 0 -01355 | 0 01540 | 0°0115 | 0 00855 0 -00505 


In a fourth series of experiments, the gold plates were placed in 
tubes containing potassium cyanide solution and oxygen, which were 
kept constantly agitated by mechanical means during two hours. 
The results obtained in this manner were as follows. 


Tabie VI. 


| | 

KON per cent. 1 | 49 | 9-4 | 19°98 29°9 | 39-0 | 47°3 

Loss of gold in two | 0°0187 | 0 0472 | 0 0391 | 0°0314 | 0 0211 | 00142 | 00108 
hours | 


The last two series are graphically represented in the diagram 
(Fig. 3) on p. 730. The numbers in the one series, Table V, I have 
multiplied by the factor 2°5, in order to make them comparable with 
those in the other, Table VI, which are shown as found. The 
crosses marked A represent the numbers in Table VI, and those 
marked B the losses shown in Table V multiplied by 2°5. Those 
marked A are probably the more trustworthy. 

All the results tabulated in III, IV, V, and VI show that the rate 
of dissolution of gold in potassium cyanide solution passes through 
@ maximum in passing from dilute to concentrated solutions. 

This remarkable fact might be accounted for by supposing that the 
rate of dissolution of gold is partly dependent on the number of 
cyanide molecules in unit volume, and partly on the number of 
oxygen molecules in the same volume, and that the solubility of 
oxygen in cyanide solutions decreases with the concentration. 

From some preliminary experiments, I found that oxygen is less 
soluble in concentrated than in dilute solutions. From three experi- 
ments made on 20 per cent. solutions of cyanide at 14°5°, I obtained 
the following values for the absorption coefficient, C = 0-01706, 
001661, 0°01678, and for a solution containing 52°26 per cent. KCN, 
I found C at 17° = 0°010873. I need not detail these experiments, 
as I afterwards devised a piece of apparatus much more suitable for 
the object in view. 

In calculating the results just given, the pressure of aqueous 
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vapour at the temperature of the experiment was taken in place of 
the true pressure of the solution; but when I decided to carry outa 
series of more accurate experiments, it became clear that the true 

ures would be required, since the volume of oxygen is measured 
over the cyanide solution. As I was unable to find any table show- 
ing such pressures, & series of determinations was made in barometer 
tubes according to the method employed by Regnault, all possible 
precautions being taken to ensure the accuracy of the results, which 
are given in Table VII. The curve representing the relations of the 
vapour pressure to the amount of potassium cyanide present is given 
in Fig. 4. 

TasLe VII. 


KON Reduction of Reduction of 
> moag pressure of aqueous pressure of aqueous 
per c.c. vapour by the salt. Cc. vapour by the salt. 


Each of the above numbers is the mean of several observations. 


In determining the solubility of oxygen in potassium cyanide 
solutions, it is further necessary that these solutions should be pre- 
pared out of contact with the air. In order to attain this object, the 
apparatus shown in Fig. 5 was used, consisting of a bulb with stop- 
cock c and capillary de. 3B is a stone jar used as a mercury bath. 
In making a solution, the bulb A, together with the attached tube, is 
first completely filled with mercury, the mouth BA being plunged 
into the bath B. A weighed quantity of cyanide is passed up into A, 
The turned-up end of the tube D, Fig. 6, is now introduced under, and 
well boiled water gradually forced into A, Fig. 5, by pouring mercury 
into the cup C, Fig. 6, and opening its stopcock. By opening c, 
Fig. 5, very slightly, any air bubbles included in the solid cyanide are 
allowed to escape as they rise; the cyanide is thus dissolved, and the 
bulb filled to a mark on the neck at a. a is closed with a rubber 
cork, the apparatus removed from the bath, and the solution 
thoroughly mixed by shaking, after which A is replaced in the 
mercury bath, and the cork at once removed. 

For the actual measurement of the solubility of oxygen in cyanide 
solutions, the following considerations determined my choice of appa- 
ratus. The solutions and gas cannot be confined by mercury as in 
Bunsen’s optiometer, owing to the action of such solutions on mercury 
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in the presence of oxygen. It was not possible to use separate vessels 
for the solution and gas (passing the latter from a graduated vessel 
into the former, and, after complete saturation, passing it back and 
remeasuring) as there was no suitable apparatus to be obtained in the 
colony. That shown in Fig. 7 was therefore constructed. A is a 
bulb of about 130 c.c. capacity connected at 6 with a graduated tube 
divided into tenths of a c.c., and containing 20 c.c. The opening a 
of the bulb A is closed with a rubber cork, through which pass two 
glass tubes of very small bore. To one of these is attached a short 
piece of small-bore rubber d; the}other glass tube is widened at its 
upper end (as shown in the enlarged section D) so as to fit into a de- 
pression in the cork. This arrangement is to facilitate the expulsion 

of the last particles of mercury, Toe is attached a piece of very 

small bore rubber tubing, carrying at its other end the short tube h 

with stopcock c. The tube h has the same diameter as B. In making 

an experiment with this apparatus, AB is inverted, filled with dis- 

tilled water, and most of this displaced by pouring in mercury. The 

tubes h, e, and d are now filled with water, c is closed, and the cork 

inserted into a and tied down, Mercury is now poured into A, 
c opened, and the water nearlyfall driven out, leaving about } to 
} cc. in order that the initial reading of the volume of oxygen may 
be made over a very short column of water in B. The tube d, which 
is now filled with mercury, is closed with a screw clip, and AB 
restored to its original position. The tube d is now connected under 
mercury with the delivery tube of a gas-holder containing oxygen ; 

the screw clip and stopcock c are opened, and oxygen allowed to rise 
into B. The clip on d is now closed, a little water poured on to the 
surface of the mercury in / so as to form a column of the same 
height as that over the mercury in B. The levels of the mercury in 
hand B are now made to coincide, the coincidence being noted by 
viewing both tubes at once with a cathetometer. The temperature of 
the oxygen is kept constant by allowing water at 18° to flow over 
B from a large vessel standing at a higher level. The volume of 
the gas, reading to hundredths of a c.c., is now noted, the height of 
the barometer read off, and the volume of the gas calculated to 
standard pressure and temperature. The tube d is now connected 
under mercury with the exit tube e of the solution vessel shown in 
Fig. 5, some solution having been previously forced out of A (Fig. 5) 
‘so as to carry along with it any air bubbles remaining in D. A is 
depressed in the mercury bath, being held down by means of a 
clamp, and the two stopcocks c and c are opened. During this opera- 
tion, the tube h, as shown in the dotted outline, Fig. 7, is inverted in 
a bath of mercury, the object being to prevent the solution of cyanide 
from coming in contact with the air when it has replaced the mercury 
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in the whole apparatus. Of course in this operation h is much lower 
than shown in the figure, the tube c hanging perpendicularly. When 
all the mercury is driven out, d is closed and disconnected from the 
solution vessel, c is now closed, and the whole apparatus, with the 
exception of hk, immersed in a large vessel of water kept at 18°, 
After standing for an hour, it is removed from the bath, h is filled 
with mercury, and inverted into mercury, and there partly filled 
with cyanide solution forced in from the solution vessel, Fig. 6. Still 
keeping / immersed in mercury, the pressure in B is made to approxi- 
mate closely to that of the atmosphere by keeping the level of the 
mercury inside and outside h the same, and bringing the surface of 
the solution in B to the same level, the temperature of B being kept 
at 18° by water flowing over it, as already described. The stopcock ¢ 
is now closed, AB inverted so as to bring the oxygen into the bulb A, 
and the whole apparatus shaken vigorously for two or three minutes, 
It is now replaced in the water vessel, and, after standing for five or 
ten minutes, a second reading is made, taking the same precautions 
as in the first. These shakings are repeated until the absorption 
appears to be almost complete, when the pressure in B is adjusted 
by accurately filling h with cyanide solution, placing it, as shown, in 
the upper position, Fig. 7, and adjusting the levels. When no further 
absorption can be noted, AB is inverted, the cork removed, and 
the main part of the apparatus weighed. _ 

~ Knowing the weight of the dry apparatus, that of the solution is 
readily obtained. The specific gravity of the solution is now deter- 
mined, and the volume calculated. The percentage of KCN (grams 
per 100 c.c.) is also determined by titrating with silver nitrate. The 
results of these determinations, together with some others which 
were made by a very similar method, but without the use of mer- 
cury, are plotted out in the diagram Fig. 8 (next page). They prove 
that the solubility of oxygen in cyanide solutions diminishes rapidly 
as concentration increases. 


The experiments described in the foregoing pages lead to the 
following conclusions. 

1. That oxygen is necessary for the dissolution of gold in potas- 
sium cyanide, and that it combines with the potassium of the 
potassium cyanide in the proportions required by Elsner’s equation. 

2. That the rate of dissolution of gold in potassium cyanide solu- 
tions passes through a maximum in passing from dilute toe concen- 
trated solutions, and that this remarkable variation is capable of 
explanation by the fact that the solubility of oxygen in cyanide solu- 
tions decreases with the concentration (see diagram, Fig. 9, p. 738). 


Auckland University College, 
New Zealand. 


Fra. 8. 
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ANNUAL GENERAL MEETING, 


March 27th, 1893. 
Professor A. Crum Brown, F.R.S., President, in the Chair. 


[am happy to say our Society still continues to increase in numbers. 
At the present time there are 1895 Fellows and 35 Foreign Members 
—1930 in all. 

Among the Fellows deceased during the year there are two whose 
services to the Society have been -of an altogether special character— 
Professor von Hofmann and Dr. G. B. Longstaff; special resolutions 
of condolence have been passed by the Council and communicated to 
their families. Von Hofmann’s work will be considered in the 
coming Hofmann Memorial Lecture. In Dr. Longstaff the Society 
loses one of its original Fellows, of whom now very few remain. 
He was a very active member of the Society in early days, and 
within recent years his munificence secured the establishment of the 
Research Fund; owing to his stipulation that a medal should be 
awarded at least triennially to a Fellow of the Society in recognition 
of the value of his researches, Dr. Longstaff’s name will ever remain 
associated with the Society and with chemical science, as the Council 
determined that the medal should be known as the Longstaff Medal. 


Number of Fellows, March, 1892 
Since elected who have paid admission fees ..... 


Removed on account of non-payment of subscrip- 


Present number of Fellows .........ssecseeeees emese 
Foreign Members (1892) ........eeseeeseee -. 380 
POPCORN eutene 5 


Present number of Foreign Members.:....... ecccce ee 


20 Fellows have died within the year:—G. S. Bowler, H. N. 
Draper, John Hooker, A. W. von Hofmann, F. C. Hills, W. E. Ivey, 
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Hodgson Jones, Dr. G. D. Longstaff, W. H. Michael, G. H. Making, 
J. S. Merry, Dr. T. H. Rowney, John S. Sieber, Professor C. Schor. 
lemmer, A. Norman Tate, Thomas Taylor, Dr. Thos. Walton, 
J. Septibo Ward, Dr. J. Forbes Watson, Mattieu Williams. 

18 Fellows have withdrawn:—Thomas Akitt, Dr. James Bell, 
Edward Dillon, J. V. Elsden, J. C. Husband, W. E. Halse, Farmer 
Hall, E. T. Kensington, Lawrence Levy, Chas. O’Neill, Dr. G. S. W, 
Ogg, Magnus Ohren, G. A. Parkinson, H. F. Pasley, Edward Purser, 
A. H. Tapp, E. W. Wiltshire, Dr. George Wilson. 

The names of 20 Fellows have been removed from the Register :— 
James Anderson, Dr. J. B. Battershall, Frank Calder, G. E. R. Ellis, 
D. R. S. Galbraith, G. W. S. Howson, J. J. Hickey, A. C. M. 
Ingram, George Lloyd, H. Oliver Mintz, J. W. O’Connor, C. T. 
Rhodes, E. Reckett, W. Symons, H. L. Schubert, H. L. Sulmaa, 
Stanley Southam, T. B. Tyson, Dr. F. W. Traphagen, M. Whitley 
Williams. 

Professors Emil Fischer, Carl Graebe, Adolph Lieben, Hugo Schiff 
and Th. Schloesing have been elected Foreign Members. 

No fewer than 139 communications are recorded in the Proceed- 
ings, this being the largest number yet contributed to the Society in 
a single session. 

The 1892 volume of the Transactions contains 90 papers, occupying 
1096 pages, whilst the Abstracts number 2350, occupying 1536 pages. 

From the commencement of this year, the Abstracts have been 80 
paged that it will be possible to bind them in two sections, the one 
section to include all papers on organic chemistry, the other the re- 
maining branches; this arrangement has been adopted by the 
Council in the belief that it will tend to promote continuity and 
facilitate reference. 

The Council have resolved that a subject index of the original 
communications published in the Society’s Journal during the years 
1873-92 inclusive shall be published. It is suggested that this shall 
be a true index and not a mere recital of titles; the precise form it 
shall take is, therefore, under consideration. 

Two “ Memorial Lectures” have been delivered during the year, 
commemorating the work of two deceased Foreign Members, Hermann 
Kopp and Jean Servais Stas: that on Stas was prepared by Professor 
Mallet, and that on Kopp by the Treasurer, Professor Thorpe ; the 
Society and chemists generally will undoubtedly feel that they are 
much indebted to both of these two gentlemen when the two memoirs 
are placed in their hands. In the first of these lectures, Professor 
Mallet, besides referring to Stas’s work, has carefully considered its 
bearings, and has indicated directions in which enquiries may, with 
advantage, be now carried on; the example that he has set will 
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gndoubtedly be of great service in the preparation of similar 
memoirs. The Council have resolved to print an extra number of 
copies of such lectures, and when in possession of a sufficient number 
to form a volume, to issue them in a separate form. 

- Towards the close of the year, an address, offering the Society’s 
congratulations on the occasion of the celebration of its twenty-fifth 
anniversary, was forwarded to the Deutsche chemische Gesellschaft 
in Berlin. 

An address from the Society was presented to M. Pasteur on the 
occasion of his 70th birthday. 

Communications were addressed by the Foreign Secretary to the 
University of Padua on the occasion of the Galileo celebration and to 
the Committee in Stockholm charged with the erection of a memorial to 
Scheele in response to invitations to the Society to take part in these 
proceedings. 

The Council are indebted to Mr. E. H. Wollaston for the presenta- 
tion of a valuable proof engraving of a portrait of Wollaston. 

Very considerable additions have been made to the library during 


the year. 


March 30th, | Additions in 
1892. 1892-93. 


Volumes of systematic works.......... 3,314 102 
Volumes of periodicals ...... 6,115 241 
Volumes of duplicate periodicals for cir- 1,266 

culation 
Pamphlets .....cccccccccccccscccces 1,514 


12,209 


The subject of the admission of women as Fellows, which has 
been several times discussed by the Council, has been again brought 
under consideration during the year, but without any resolution 
being arrived at to propose an alteration in the Bye-laws: it appeared 
to be generally felt that, although there is no objection in principle to 
the admission of women as Fellows, the case in their favour is not 
clearly established by any considerable number of applications. 

During the long vacation the meeting room was entirely recon- 
structed, with the result that a very considerable air space has been 
gained, tending to the better ventilation of the room; additional 
accommodation both in sitting space and in entrances and exits has 
also been secured; and provision has been made for the entrance of 
fresh air into, and for the removal of vitiated air from, the room. 
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The electric light has been substituted for gas in all the rooms. The 
apartments were redecorated throughout. 

The structural alterations were planned and their execution super. 
intended by Mr. Martin L. Saunders, and the alterations and redeco, 
ration of the rooms have been carried out by Messrs, Colls and Sons, 
The installation of the electric lighting was planned by Professor 
Ayrton, to whom the Society is under great obligation for the 
amount of time and thought he has expended on the work. The 
business of wiring the building and fixing the fittings for the electric 
light was entrusted to Messrs. Spagnoletti and Crookes, and the 
brackets, pendants, &c., were supplied by Messrs. Faraday and Sons, 


£ s. d, 
The cost of the structural alterations (in- 


cluding architect’s fee) have been 1113 14 10 
The electric light installation having cost.... 289 0 6 


£1402 15 4 


It is a matter of congratulation to the Society that the Treasurer 
has been able to pay these large extra expenses, and at the same 
time to carry forward the necessary working balance, without touch. 
ing the Society’s funded property. 


Last year I spoke to the Society about two new theories. I shall 
this evening begin with some remarks on an old one. When a metal 
such as zinc, or iron, or tin is dissolved in aqueous solution of hydro- 
chloric acid, hydrogen is produced. If we are asked whence comes 
this hydrogen, we unanimously answer, It is the hydrogen which 
was combined with chlorine to form the hydrochloric acid ; and if any 
one were to suggest that it may conceivably have come from the 
metal, most chemists would consider him either grossly ignorant, or 
weak-minded. 

And yet this was the view deliberately, though somewhat hesit- 
atingly, preferred little more than a hundred years ago by the 
ablest English chemist, a man of remarkably acute intellect and sound 
judgment, a most skilful experimenter and accurate observer. 

As we all know, the progress of chemistry, and in particular the 
study of the gases, had put the phlogistic theory into what, if I may 
be excused a colloquial expression, may be called a very tight place. 
The question, What is phlogiston ? urgently demanded an answer. If 
no satisfactory answer had been forthcoming, the theory would have 
collapsed, and chemistry would have had to face a period of chaos. 
If we do not count the idea, impossible, of course, then, and perhaps 

.a little fantastic even now, that phlogiston is potential energy, and 
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confine ourselves to what we may call material answers, we have no 

t difficulty in seeing that there were only two: Ist, that phlog- 
ston is hydrogen ; 2nd, that itis — oxygen. We can put these answers 
in the form of equations, thus: 


Ist. Phlogiston — Hydrogen = 0. 
2nd. Phlogiston + Oxygen = 0. 


The latter was Lavoisier’s answer. Upon it was founded his “ anti- 
phlogistic” theory, which was really the doctrine of phlogiston inverted, 
or, perhaps, we might say turned inside out, with such perfect exact- 
ness that hardly a detail was displaced, and chemistry received at 
once, ready made, what was practically a new and well fitting gar- 
ment. The former was the answer adopted with some hesitation by 
Cavendish. He did not develop it fully, but contented himself with 
showing how it could be applied to those questions of the chemistry 
of gases which arose in the course of his own work. 

When we consider the supreme importance of that work, which 
included the discovery of the composition of water and of nitric acid, 
we may wonder that we hear so little of the theoretical language 
used by Cavendish, but he does not seem to have made the difference 
between his own view and that of Lavoisier a matter of great import- 
ance, and, indeed, expressly says that either nearly equally well repre- 
sents the facts. He preferred his own, because it arose more naturally 
as a development of the accepted doctrine, and saw no reason for 
making so complete and abrupt a change as that required by the 
adoption of the other alternative. We hear little more of the hydro- 
gen phlogiston form of the theory, and it almost died out of remem- 
brance. But it is worth while considering what would have been the 
history of the theory of chemistry if there had been no Lavoisier. 
The daring revolutionary proposal was entirely his own. He fought 
for it for some time single-handed, and it seems unlikely that anyone 
else would have suggested it. Its success was chiefly due to his 
genius and energy. He was soon joined by others, and his theory 
became the language in which new discoveries were expressed. Black 
adopted the new view, no doubt moved in its favour by his own 
success in the case of fixed air v. causticum. His support and the 
expressed opinion of Cavendish, that Lavoisier’s hypothesis fitted the 
facts almost as well as his own, must have disarmed the opposition of 
some of those who disliked so complete a change. 

But we must not allow the triumphant success of the — oxygen 
interpretation to blind us to the merits of that which would seemingly 
have been accepted had Lavoisier been silent. This, the hydrogen 
interpretation, is easily defended against the usual attack. It is said, 
when lead loses phlogiston by calcination, and is converted into 
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litharge, the calx of lead, it gains weight; therefore phlogiston hag 
negative mass, which is absurd. But if phlogiston is, as Cavendish 
assumed, hydrogen, the calcination consists in the union of this hydro. 
gen with dephlogisticated air (oxygen) to form water; and, as this 
water does not go away, it must remain united with the true anhydrons 
cealx to form litharge. Again, when red precipitate is heated, it gives 
metallic mercury and dephlogisticated air (oxygen), and nothing else, 
Whence, then, comes the phlogiston for the metallic mercury? “ From 
the water, of course,” replies the follower of Cavendish, “ for red pre- 
cipitate is a compound of water with the real calx of mercury, and 
this water breaks up into phlogiston, which forms metallic mercury 
with the real calx, and dephlogisticated air which is given off.” The 
Lavoiserian laughs at these imaginary anhydrous calces, but the 
answer to him is easy —“ Your oxymuriatic acid weighs less than the 
muriatic acid from which itcame.” ‘Oh !” says the Lavoiserian, “ of 
course you know that the driest muriatic acid gas which we can get 
is not real mariatic acid, but a compound of that with water, just as 
the strongest aqua fortis contains water. When muriatic acid is 
oxidised to form oxymuriatic acid, it loses water at the same time, and 
it is the real muriatic acid which unites with oxygen.” ‘ Very good, 
if you will show me some real muriatic acid, you may then reason- 
ably object to my not producing a specimen of the real calx of lead.” 
The fact is this difficulty is inherent in every conceivable form of the 
phlogistic theory. It depends on the assumption that combustion, 
using the term in the wide sense, is always the same thing. It was 
this broad general assumption which made it possible for the phlog- 
istic theory to group together the facts of chemistry, and to perform 
its part in the development of the science. No narrower or more 
limited outline than that drawn by Stahl would have sufficed, but the 
breadth and generality which gave it its value necessarily led to its 
ultimate decay. It seems to be a law of life, here, at all events, that 
the very properties which enable a living thing to do its work lead at 
last to its dissolution. By a great stroke of genius, Lavoisier enabled 
the theory, so changed in appearance as to be, in all practical senses, 
a new one, to continue active for almost another generation, but no 
definition of phlogiston could remove the essential imperfection. To 
Lavoisier all combustion was oxidation; combustion in chlorine was 
oxidation, union of the metal with the oxygen of the oxymuriatic 
acid, the muriatic acid (a compound of oxygen) remaining com- 
bined with the metallic oxide so formed. The phlogistic theory 
was, indeed, not finally disposed of until the elementary nature 
of chlorine was recognised. It is worthy of note that Cavendish, 
in criticising Lavoisier’s view that dephlogisticated air (oxygen) 
is the acidifying principle, expressly points out that there is 
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no evidence that muriatic acid can be phlogisticated, that is, 
deoxidised. If the hydrogen alternative had been adopted and 
developed, a similar controversy to that on the elementary 
nature of chlorine, which led to the deposition of oxygen from 
its unnatural supremacy, would have necessarily arisen on the 
elementary nature of metals, and of such substances as sulphur, 
carbon, phosphorus and nitrogen ; and hydrogen would have been de- 

. The triumph of Lavoisier meant that phlogiston was dead, and 
oxygen reigned in its place. Cavendish, while admitting that oxygen 
would do well enough, would have preferred to see his own candidate 
hydrogen raised to the throne, as a more legitimate successor; the 
next generation saw no need for an arbitrary superiority being 
assigned to any element, but gave each the rank belonging to it in 
virtue of its place in the electrochemical series. 

Before leaving the hydrogen phlogiston theory, I may be allowed 
to give an illustration of the formule which would have been used 
had the atomic notation been adopted during its reign. Each of our 
elements would have been represented as a compound of an imaginary 
basis with the number of hydrogen atoms representing the maximum 
number of oxygen bonds with which one atom of the element unites, 
so that Cl, S, N, C, B, Zn, Ag would have been XH,, OH,, QH,, TH, 
AH;, AH,, =H respectively (taking Greek capitals at random to 
represent atoms of the supposed bases of the elements), and such 
formule as @H,; OH,; OH:.2H,0; 0,3H,0; 0,4H,0; A0,4H,0 for 
HS; 8; SO. ; SO;; H,SQ, ; ZnSQ,; and for CO, and CS, ; r,2H,O0 
and I',@,H;.. Two great inconveniences of the system can be at once 
seen from these examples: Ist, truly similar substances would 
often have very dissimilar formule; and 2nd, all compounds of 
oxygen would be represented as containing water, without any direct 
indication whether water could really be got from them or not. The 
corresponding inconvenience of the Lavoiserian theory, the unsup- 
ported assumption that muriatic, fluoric, and prussic acids contain 
oxygen was not nearly so embarrassing. Fluoric and prussic acids 
were then little known, and lay as it were in a corner, so that 
muriatic acid was the only case in connection with which the diffi- 
culty could seriously arise. Practically, of the substances then 
known, all that we now consider elements were with the exception 
of chlorine considered elements by Lavoisier, while from Cavendish’s 
point of view all of them, except chlorine, oxygen, and hydrogen 
itself, were compounds of hydrogen, and the discovery of the chlor- 
ates would have forced the adherents of the hydrogen phlogiston 
idea to place chlorine in the same list, as chloric acid is more dephlog. 
isticated than chlorine. So that, although at the time there seemed 
little to choose between the two alternatives, it was a real advantage 
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that Lavoisier’s view prevailed. In either case we should haye been 
now in the same position; the route traversed would. have been 
different. To go from the north of Europe to Italy you must ems 
the Alps, but there is a choice of passes differing in ease, in height, 
and in scenery. It is not unnatural, but it is futile, for us to ask, Is 
our present position a necessary point in the progress from ignorange 
to the perfection of systematic knowledge, which is our goal? 0, 
might many, or all, of our present discussions have been evaded, as 
we cap now see that the discussion as to the elementary nature of 
chlorine might have been evaded by choosing another pass? |) 
looking back, we see many cases where long discussion and argy. 
ment have been required to establish a principle which from oy 
present point of view seems to have been visible enough. Thus, one 
might think that Berzelius’ H,Q ought to have led at once to the 
notion of bivalent oxygen, and the relation of alcvhol to ether and 
water, which it took Williamson and Gerhardt so much argument and 
so much work to make clear. But the time of H,O was not yet, 
That symbol could not have then the meaning which it acquired 
after chlorine substitution had fixed the unit of replacement, and 
chemistry had to wander for years in the wilderness of KO,HO, or in 
that of N.H,,H,Clh, instead of taking the road which seems to us % 
direct. 

No doubt our successors will have something of the same sort to 
say of us; it is not for us to anticipate their judgment. We can, how. 
ever, see that the roundabout roads and seemingly avoidable detours 
of the past have been of use, and are now valuable to us as giving 
us a broader view of truth and greater security in our present posi- 
tion, so that we need not fear that we are wasting our time, althongh 
afterwards a shorter cut may be found than the path we are now 
following. 

One thing a review of the past enables us to see very distinctly. 
A path is not quitted for another because it has been proved to lead 
astray, but because the new one promises better. It has seldom 
happened that a theory has been formally disproved ; the choice 
between two theories has not usually been between the right one and 
the wrong one, but hetween the better and the worse, and that one 
is preferred which seems to connect observed facts better, that is, 
more simply and clearly, and to lead more readily to new lines of 
investigation. It must, therefore, often happen that a theory which 
for one man or party is effete is still capable of given efficient help 
to another, and one that is clumsy and unworkable in my hands may 
help another who knows how to use it. 

In sciences in which the relation to dynamics has been more 
fully made out, we have cases in which theories may be strictly said 
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to be disproved ; for instance, the corpuscular theory of light was 
disproved by the observation that light travels faster in air than in 
water, but, as a rule, in chemistry old theories have become obsolete 
before they were proved to be erroneous. Mercury was recognised 
as an element and not a compound before Kundt and Warburg 
found the ratio of the specific heats of its vapour to be 1%, and we 


‘Orance 
P Op should be prepared to abandon a position before it becomes untenable 
led, as if we see another from which we can more effectively attack hitherto 


Ure of unsolved problems. 
? th We adopt a theory that it may help us. If after a time we find 
argu. that we have to help it, that we have to support it with constantly 


renewed hypotheses, that our sole relation to it has come to be that 
we have to defend it and excuse its weakness, then it is time not to 
kick it contemptuously away, but to hang it reverently up, and get a 
new one for use. 


Dr. Armstrong proposed a vote of thanks to the President, coupled 
with the reqaest that he allow his address to be printed. In the 
course of his remarks, he said that during the past two years, for the 
first time in the history of the Society, the President had been a 
Fellow from beyond the Border—a fact of much importance, as 


t to proving that they were in no sense a mere metropolitan society, 
OW: and that they both desired to secure, and were, indeed, successful 
Urs in securing, the cooperation of British chemists generally. Dr. 
ng Gladstone seconded the motion, which was carried by acclamation. 
si- The President having thanked the meeting, 

gh Mr, Holland Crompton, the Senior Auditor, in the absence of the 
Ww Treasurer abroad, gave an account of the balance sheet duly audited 


by Mr. Dymond, Dr. Lawson and himself. Professor Thomson sub- 
sequently contrasted the chief items of expenditure during this and 
the previous. year. The receipts by admission fees and subscrip- 
tions had been £3771 11s. 4d. as against £3545 in the previous year ; 
and £424 15s. 3d. had been realised by the sale of the Journal, 
instead of only £408 7s. 4d. The Journal had cost £2745 7s, 4d. 
instead of £2798 15s. 10d; £327 1s. 1d. had been expended on the 
library ; the alterations had been effected at a cost of £1402 lis. 4d; 
the total expenditure being £5287 1s.: so that the ordinary expendi- 
diture had been £3884 5s. 8d. as against £3989 1s. 6d. in the previous 
year. Grants amounting to £200 had been made from the Research 
Fund. 

A vote of thanks to the Treasurer was proposed by Dr. Russell, 
who dwelt with satisfaction on the fact that it had been possible to 
meet the expenses of the alterations from the surplus income of this 
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and the previous year without touching the Society’s funded property, 
The vote; having been seconded by Professor Ramsay, was carried by 
acclamation. 

Mr. Crookes proposed and Mr. Pickering seconded a vote of thanks 
to the Auditors; the motion having been -adopted, Mr. Crompton 
replied. 

A vote of thanks to the Officers and Council was then proposed by 
Mr. J. Newlands and seconded by Mr. Cassal; Professor Thomeon 
replied. . 

Dr. J. Voelcker moved and Mr. Spiller seconded a vote of thanks 
to the Editor, Sub-Editor, Abstractors and Librarian. Mr. Groves 
and Dr. Thorne replied. 

Mr. W. Foster and Mr. Tutton having been appointed Scrutators, a 
ballot was taken, and the following were declared elected. 


President: H. E, Armstrong, Ph.D., F.R.S. 

Vice- Presidents who have filled the office of President: Sir F. A. Abel, 
K.C.B., D.C.L., F.R.S.; Dr. A. Crum Brown, F.R.S.; W. Crookes, 
F.R.S.; E. Frankland, D.C.L., F.R.S.; J. H. Gilbert, Ph.D., F.R.S.; 
J. H. Gladstone, Ph.D., F.R.S.; H. Miiller, Ph.D., F.R.S.; W. 
Odling, M.B., F.R.S.; W. H. Perkin, Ph.D., F.R.S.; Lord Playfair, 
Ph.D., K.C.B., F.R.S.; Sir H. E. Roscoe, LL.D., F.R.S.; W. J. 
Russell, Ph.D., F.R.S.; A. W. Williamson, LL.D., F.R.S. 

Vice-Presidents : E. Atkinson, Ph.D.; A. Vernon Harcourt, F.R.S.; 
C. O'Sullivan, F.R.S.; John Pattinson; William Ramsay, F.R.S.; 
William A. Tilden, F.R.S. 

Secretaries: J. Millar Thomson ; Wyndham Dunstan, M.A. 

Foreign Secretary : Raphael Meldola, F.R.S. 

Treasurer: T. E. Thorpe, D.Se., F.R.S. 

Ordinary Members of Council: Norman Collie, Ph.D.; Charles F. 
Cross; Harold Dixon, F.R.S.; Bernard Dyer, D.Sec.; Lazarus 
Fletcher, M.A., F.R.S.; R. J. Friswell; M. M. P. Muir; F. J. M. 
Page; W. H. Perkin, jun., F.R.S.; W. A. Shenstone; John A. 
Voelcker, Ph.D.; W. P. Wynne, D.Se. 


OBITUARY NOTICES, 


Wim Narsanres Evans, of Bristol, was born in 1826 at 
Ottery St. Mary, of an old Devonshire family. The greater part of 
his life was devoted to the manufacture of leather, but his strongly 
developed scientific tendency led him early to study chemistry, and 
to apply it to the trade in which he was interested, and in the tech- 
nology of which he became a recognised authority. He started, 
and for some time edited, the journal Leather, and was the writer of 
the article on “ Leather” in Mackenzie’s Chemistry applied to the Arts 
and Manufactures, and of a very useful text-book on Butt Tanning. 
He made and published many analyses of new tanning products, and 
especially of those collected at the Indian and Colonial Exhibition. 
He was an earnest advocate of scientific and technical education, and 
his kindliness and readiness to impart information to others will make 
his death felt as a personal loss by many outside the circle of his 
immediate friends. He died at Bristol on Sunday, October 23, 1892. 

H. R. P. 


Grorce Dixon Lonestarr, born in the closing year of last century, 
was the eldest son of Thomas Longstaff by his wife Sarah, who in 
turn was the daughter of George Dixon, of Cockfield, by his wife, 
Sarah Raylton. From this same George Dixon are descended Sir 
Raylton Dixon, of Middlesbrough, and his brothers Waynman and 
the late John Dixon, the well-known engineers. 

Thomas Longstaff attained a considerable reputation as a lecturer 
on scientific subjects at a time when popular scientific books were 
very few and far between. A number of autograph testimonials to 
his ability in this direction still exist, among them one by Sir David 
Brewster. In early life he was a tanner, but later he opened a 
colliery, afterwards called by Messrs. Pease the Adelaide Colliery in 
honour of the Queen of William IV. He was the first to ship coals 
from the Tees. 

Thomas Longstaff was the son of George Longstaff, of Butter- 
knowle, by his second wife. George Longstaff is believed to have 
been a mason in early life, and to have built Brusselton Folly. 
He was a man of remarkable strength; it is said that he could take 
up @ man under each arm and carry them round the room. He had 
also the reputation of being a hard rider in the hunting field. He 
opened Butterknowle Colliery. He was born in 1700, and married in 
early life, and a second time at the age of 64. His second wife 
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was Ann Morgan; she survived her husband many years, and diej 
at the age of 88. It is remarkable that a daughter of the old may, 
by the second marriage, was baptised at Hamsterley on the same day 
as a greatgrandson descended from the first marriage! This vigorons 
man was the son of John Longstaff, of West Auckland, and wa 
probably the grandson of John Longstaff, the redoubtable Quake 
stonemason and contractor of Raby and Auckland. 

“John Longstaff”’ is frequently named as the mason builder fo 
Bishop Cosin when he restored Auckland Castle, after the desolation 
of the Commonwealth, “ when all Church dignities were abolished 
and the revenues seized by the Parliament,” and the various works 
he did are fully set out in the documents of that period. Like the 
Vicar of Bray, he made the most of his opportunities, and after 
assisting Sir Arthur Hazlerig to destroy Auckland Castle, he assisted 
the Bishop to build it up again. Some anecdotes about his conversion 
to Quakerism are to be found in Matthew Richley’s History of Bishop 
Auckland. George Dixon Longstaff, his grandson, resembled the old 
Quaker in many points. 

The Dixons of Cockfield took high rank as engineers, and one 
of them (Jeremiah), in conjunction with Mr. Mason, surveyed, in 
1763, the boundary line between the Free and Slave States in 
America, and from his name the widely-known title of “ Dixie's 
Land” was taken. A Mr. John Dixon was engineer for the Stockton 
and Darlington Railway, and laid out the line from the junction 
with the original line near Shildon to Crook. The same gentle 
man was resident engineer under George Stephenson during the con- 
straction of the Liverpool and Manchester Railway over Chat Moss; 
and another John Dixon brought over Cleopatra’s Needle from Egypt 
in a vessel of special construction which rode out a storm in the 
Bay of Biscay after it had been cast adrift, and he finally fixed it 
on its present site on the Thames Embankment; he died January 28, 
1891. 

Mr. Thomas Longstaff, brother of the subject of this notice, 
assisted Mr. Thomas Hackworth in making the “ Sanspareil” for 
the celebrated competition of locomotives at Rainhill. 

Through the course of time the name has been spelt in various 
ways—Langstaff, Langstafe, Longstaff, Longstaf, Longstaffe, and 
even Langstraffe. 

George Dixon Longstaff was born on the 3lst March, 1799, at 
Bishopwearmouth, in the county of Durham, and thus he linked, as it 
were, in his own person, the two centuries, and could relate from his 
own personal experiences many facts which may seem to the present 
generation but as the records of ancient history. Thus, he used to 
tell how well he remembered the stage-coach driving into the 
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market-place of Dundee, the guard firing his blunderbuss and both 
his pistols in the air (the signal of great news), and, when the people 
ran together, crying out, “ Wellington has beaten Bonaparte at 
Waterloo.” He was a friend of Dalton, also of Marshall Hall and 
Lyon Playfair the elder. The Volunteer movement of the present 
day had great interest for him, for, as a schoolboy, he was a cadet in 
the great Volunteer movement at the commencement of the century. 
As a young man, Longstaff assisted his father during several years 
in his scientific lectures, and frequently himself lectured on a 
variety of subjects. He was distinguished for his readiness of speech, 
and his powerful voice, his clearness in explanation, and the success 
of his experiments. After going through the usual scholastic course, 
Longstaff graduated in 1828 as M.D. at Edinburgh, at which 
university he was for some time assistant to Dr. Hope, Professor of 
Chemistry, and in that capacity is believed to have been the first 
teacher of practical chemistry to medical students in this country. 
He used to say that Dr. Graham was his most distinguished chemical] 
pupil. As early as 1822, in conjunction with his friend Dr. Dalston, 
of Edinburgh, he erected a small manufactory near Leith, for the 
distillation of coal-tar, the raw material being obtained from a gas 
company for the taking away, as it was then looked upon as value- 
less. The “tar spirits” was supplied to Mr. Mackintosh, of Glasgow, 
for waterproofing cloth, whilst the residue was burnt to make lamp- 
black. He afterwards practised for some years as a physician at Hull, 
and was one of the founders of, and first lecturers at, the Hull and 
East Riding School of Medicine. In 1833, he married Maria, eldest 
daughter of the late Henry Blundell, J.P., of Hull, by whom he 
leaves two sons, Colonel Longstaff, of Wimbledon, and Dr. G. B. 
Longstaff, of Putney Heath. After his marriage, Dr. Longstaff spent 
some years in America, applying his scientific knowledge to gold 
mining in North Carolina, after which he entered into mercantile 
affairs in association with his father-in-law as a manufacturer of 
oil, colours, and varnish, and was for many years chairman of 
Blundell, Spence, and Co., and a director of that company till his 
death. 

He was an active supporter of Wilberforce’s Anti-Slavery Move- 
ment, but his practical experience of slavery in the United States 
in 1834-37 led him to oppose hurried and ill-considered proposals 
for emancipation. His experience.in America also taught him the 
serious results of leaving government, especially local government, 
in the hands of the ill-educated and inexperienced. When at Wash- 
ington, the well-known American statesman Henry Clay, speaking 
of “the old country,” said to him, ‘‘ Whatever you do keep ciear of 
nniversal suffrage; it is the curse of this country,” words which Dr. 
3 F 2 
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Longstaff never forgot, and which led him to view with disfavour all 
extensions of the suffrage. 

He constantly incalcated ou his sons the importance of taking 
part in parish affairs, and placimg any knowledge they might 
,possess at the disposal of the community. During the agitation of 
1848, though he sympathised with many of the objects of the 
‘Chartists, he was a superintendent of specia] constables, and induced 
many Chartists to be enrolled on the side of order. Among other 
works of a well spent life—much of it being devoted to the well. 
‘being of his fellow-men—he took great interest and an active part in 
the formation of Mechanics’ Institutes, and was a frequent lecturer 
at these useful associations. For many years he was Chairman of the 
Royal Maternity Charity. 

Dr. Longstaft had resided in the parish of Wandsworth for upwards 
-of 50 years, and was for many years a vestryman, and was one of the 
first members of the Wandsworth District Board of Works, Chair- 
man of the Free Public Library Commissioners, and in 1887 pre- 
.sented a reading-room to the library. All his life he was a consistent 
.Liberal, but in recent years, though his opinions were unchanged, he 
‘felt that he coald not do otherwise than support the Conservative 
‘party. He carried into business the tracitions of an honourable pro- 
fession, and it was his pride to say that “business ” was as honour- 
able as any other occupation if honestly carried on. He was very 
active, and frequently walked from his house to Putney until within 
two or three years of his death, and, as an instance of his methodical 
habits, it may be mentioned that his diary was regularly posted until 
within a very few days of his demise. 

He died on Friday, October 21, 1892, at his residence, Butter- 
knowle, Wandsworth, in his 98th year, after a short and painless 
illness.* 

Dr. Longstaff was an original Member of the Chemical Society. 
In early years, he took an active part in its management, and was a 
Vice-President in 1853-56, 1874-76. His munificence led to the 
establishment of the Society’s Research Fund in 1876. Owing to 
his stipulation that a medal shouid be awarded triennially for the 
encouragement of research, which the Council decided should bear 
the impress of his head and should be known as the Longstaff 
Medal, the service which he has rendered to the Society, and there- 
fore to chemical science, should ever remain fresh in the memory of 
its Fellows, 


George HogartH Makins was born in 1815, the only child of his 


* These particulars are for the most part derived from an obituary notice printed 
in the duckland Times and Herald, October 27, 1592. 
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parents. His father held an appointment in the Treasury, but died 
when his son was eight years old, so that yonng Makins was brought 
up by his mother, a woman of great ability and energy. In his: 
early years, she supported him by her own work as a copyist and 
précis writer for the Treasury. She had become expert in this work 
during the illness of her husband, as it formed part of his duties, 
which he was allowed to do at home; after his death, the authorities 
permitted her to continue the work. On leaving school, young 
Makins was placed in a solicitor’s office, but, this work proving very 
distasteful, he was shortiy after apprenticed to a medical man at 
Uxbridge. Mr. Makins tastes were already towards chemistry, but 
opportanities of adopting chemistry as a profession were then very 
few. After his apprenticeship, Mr. Makins became, in 1835, » 
student at Kings’ College, and attended Daniell’s lectures; he after- 
wards entered St. George’s Hospital, for medical practice, and although 
these studies were interrupted by ill health, he passed his final 
examination at Apothecaries’ Hall in 1839, and at the College of 
Surgeons in 1840. 

Mr. Makins never practised as a medical man, but at once devoted 
himself to chemical work ; he was successively lecturer on chemistry 
at the Aldersgate Medical School, and at the Middlesex School of 
Medicine, but did not long remain at either. He was next occupied 
as scientific adviser to Mr. Bate, the instrument maker to the Excise, 
and Mr. Makins’ first paper at the Chemical Society was “On the 
Relative Expansions of Mixtures of Alcohol and Water under the 
influence of a certain Rise of Temperature, and on a new Instrument 
for taking the Specitic Gravities of the same.” This paper was read 
in June, 1849. In this same year, Mr. Makins erected a laboratory, at 
Surbiton, for the manufacture of pure chemicals. One article pre- 
pared with great success, by a process of his own invention, was the 
spongy gold then much used by dentists. His work led to business 
connections with the laboratory at the Mint, and Mr. Field, the Chief 
Assayer, strongly advised him to come to London and start as an 
assayer. Mr. Makins took this advice, and after studying at the 
Mint, opened an assay laboratory in Coleman Street, in 1853. The 
work proved most successful. Mr. Makins was almost at once ap- 
pointed assayer to the Bank of England, and took a high rank in his 
profession. This was largely due to the improvements which he in+ 
troduced into the operations of assaying, and to the extreme care and 
accuracy of his work. Mr. Makins gave a description of his improved 
assay balance at a meeting of the Chemical Society, in November, 
1852 (Quart. Jour., 6, 36), and subsequently (ibid., 13, 97) com- 
municated a paper, “On certain Sources of Loss of Precious Metal 
m some operations of assaying.” His improvements in the process 
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of assaying included the substitution of pure gold and silver fop 
‘trial plates ;” improvements in the furnaces, anthracite being sub. 
stituted for charcoal ; also improvements in the apparatus for “ acig 
parting.” Most of these alterations were soon adopted in other assay 
laboratories. 

The Jong hours in the assay laboratory had a prejudicial effect op 
his health, and he retired from the business in 1863. Before leaving 
he had undertaken to give a short course of lectures on Metallurgy 
at the Dental Hospital, in Leicester Square; this course he con. 
tinued to give for 20 years, 1860-80. In 1862, he published 
A Manual of Metallurgy devoted chiefly to the precious metals; 
this was in substance an enlargement of his annual lectures. A 
second edition of this book, much increased in size, was brought out 
in 1873. 

Mr. Makins became a Fellow of the Chemical Society in 1845, 
He was elected for the Council in 1862, and afterwards re-elected on 
several subsequent occasions. He was an original Fellow of the In- 
stitute of Chemistry, and was upon the Council at the time of his 
death. He was also an original member of the Society of Chemical 
Industry. He became a member of the Microscopical Society’ in 
1848, 

Chemistry by no means absorbed the whole of Mr. Makins’ energy ; 
he was an amateur architect of considerable experience, and a 
thorough musician. He was devoted to the organ, and was never 
without one of his own since the age of 21. He himself constructed 
three organs in the course of his life, and furnished the plans for 
several others. For many years he acted as honorary organist to 
various churches in the neighbourhood of Surbiton. He was per- 
ronally acquainted with the chief Continental organs. 

In 1879, a new sphere of work was opened to him; he was ap- 
pointed one of a Committee of inquiry into the affairs of the Society 
of Apothecaries, and proved himself so useful that he was placed on 
the Court of Assistants six years before the ordinary time. He 
continued till his death very active in promoting the interests of the 
Society. He was elected Master in 1889. 

Mr. Makins retained his activity till a few months before his death; 
the development of an internal cancer then necessitated confinement 
to the house. He happily suffered but little pain. He died on 
April 12, 1872, aged 76 years. R. W. 


Cart ScuortemmMer.—Of the active workers, who laboured s0 
patiently and successfully some half century ago, at the problems 
presented by the chemistry of the orgunic world, but few are left 
with us. Even the immediate followers of these pioneers, to whom 
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they imparted not their chemical knowledge alone, but what is far 
higher, the personal inspiration to research, which has proved so 
potent @ force in the development of our sciefce, are gradually pass- 
ing away. Among these there are few who held a more distin- 
guished place than that of Carl Schorlemmer. 

Born at Darmstadt in 1834, he was educated in that town, and 


: 
Pm sabsequently worked at chemistry at Giessen, where Will was then 
= director of the laboratory, and Kopp the teacher of theoretical 
2 chemistry. It was doubtless this contact with Kopp, whom he sur- 
hed vived by only one year, that implanted in his mind that love of the 
Is: historical aspect of his subject which became so marked a feature of 
A his writings. In 1858, he was summoned to Manchester to act as pri- 
ut vate assistant to Professor Roscoe, and in 1861 he succeeded Dittmar, 
as demonstrator in the laboratory of the Owens College. This post 
45 he only relinquished in 1874, when the Council of the College showed 
da a graceful appreciation of the position which he had won among the 
" scientific men of his adopted country, by creating him Professor of 
iis Organic Chemistry. He continued in the discharge of the duties of 
al this chair until his death, which took place in June, 1892, after a 

te lingering but happily almost painless illness. 

Schorlemmer’s most important scientific work was carried out in the 
; earlier part of his residence in England. In 1861, shortly after his 
. appointment at Owens College, he commenced the investigation of 
» tha light oils obtained from the tar of Cannel coal, the material being 
d supplied by the late Mr. J. Barrow, of the Dalton Chemical Works, 
Gorton. At the period of this research, the compounds of the fatty 
> series were looked upon as derivatives of the alcohol radicles, of the 


general formula C,Hen+,. The classical researches of Frankland 
and Kolbe had resulted in the preparation of hydrocarbons from 
the alcohols or their derivatives by two fundamentally different 
methods :— 

1. The liberation of the alcohol radicle ; by the action of zinc on 
its iodide (Frankland) ; or by the electrolysis of the acid containing 
it (Kolbe). To these hydrocarbons the double formula was assigned, 
because of the vapour density, so that the radicle obtained from 
methyl iodide, CH;I, was called methyl, but received the formula 
C,H. 

2. The formation of the hydride of the radicle; by the action of 
potassium on the cyanide in the presence of moisture (F. and K.) : 


C.H,;CN + H,O + K, = C,H,H + CNK + KHO, 


or by the action of water on the compound of the radicle with 


zinc (F). 
These two series of hydrocarbons—the radicles and the hydrides— 
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were considered to be distinct from one another, mainly on acrount 
of their physical properties. The chemical behaviour of the two 
series had hardly been examined, and great uncertainty prevailed as 
to the action of reagents on them. Chlorine was supposed to act on 
the hydrides and convert them into substitution products, identicg] 
with the alcoholic chloride obtained by the action of hydrogen 
chloride on the alcohols. Its action on the radicles, on the other hand, 
was stated to give rise to compounds containing not less than two 
atoms of chlorine. The particular case of ethyl hydride was, how. 
ever, an exception to the rule, since chlorine produced from it a sub- 
stance which was found by Frankland and Kolbe to differ in some 
respects from ethyl chloride, whilst the products of the action of 
chlorine on methyl, C,H,, had not been carefully studied. A view 
also prevailed that the hydrides were less stable at high tempera. 
tures than the radicles. This was founded upon the fact, discovered 
by Hofmann, that when the vapour of valeric acid is passed through 
a red-hot tube, an olefine, but no hydride, is formed. 

Previous to Schorlemmer’s examination of the oils from Cannel 
tar, Greville Williams had obtained a series of hydrocarbons from 
Boghead tar, which he had identified by their physical properties 
with their radicals prepared by Frankland and Kolbe. Since, how- 
ever, he was able to establish the presence of amyl hydride, C;H,, 
he concluded that the other cempounds might also be hydrides and 
not radicles. 

The investigation of the Cannel oils resulted in the separation of 
a series of hydrocarbons, which were proved by conversion into their 
chlorides to be the hydrides of amyl, hexyl, heptyl, and octyl. The 
oils from American petroleum were found to be very similar in com- 
position, and were employed as a source of hydride of heptyl, from 
which a large number of derivatives of this previously unknown 
hydrocarbon were prepared. Schorlemmer’s attention was attracted 
by the remarkable similarity between the physical properties of the 
hydrides thus isolated and those of the radicles of Frankland and 
Kolbe. A_ critical comparison of the behaviour of ethylamy], 
C,HsC,H», with hydride of heptyl, C,His, and of the radicle 
CsHyCsHn with the hydride C,H,,H showed that this similarity 
extended also to the chemical properties of the two series. Chlorine 
acted on the members of the two classes of hydrocarbons in precisely 
the same manner, the resulting chlorides being to all appearance 
identical. Drawing from these experiments the cautious conclusion 
that no chemical difference existed between the isomeric hydrides 
and radicles in the higher members of the series, Schorlemmer 
next proceeded to compare methyl, CH;‘CH;, with hydride of 
ethyl, C,H,H. By the action of chlorine on the substances in sun- 
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light he obtained a gas which condensed in a freezing mixture to a 
colourless liquid ; this proved to be ethyl chloride, C,H,Cl, identical 
with that prepared by the action of hydrogen chloride on alcohol. 
The importance of the conclusion which he drew from these experi- 
ments, that only one series of hydrocarbons of the formula C,H», , 2 
exists, of which marsh gas is the simplest member, can scarcely be 
overrated. It cleared the ground of an unexplained case of iso- 
merism occurring amongst the very simplest of the carbon compounds, 
and showed that Kekulé’s theory of the linking of atoms, according 
to which only one hydrocarbon of the formula C,H, can exist, 
represented with accuracy the actual relations of these compounds. 
The establishment of this fact also rendered it possible to classify the 
fatty compounds by referring them to the hydrocarbons of the marsh 
gas series, and paved the way for that definition of organic chemistry 
as “‘ the chemistry of the hydrocarbons and their derivatives ” which 
Schorlemmer afterwards proposed. 

The further course of the work on the hydrocarbons of the paraffin 
series was directed mainly to the hexyl, heptyl, and octyl groups, to 
the systematic chemistry of which he contributed a large number of 
facts. He showed that the hydrocarbons of petroleum consisted mainly 
of the normal compounds, although Warren proved that they are 
accompanied by their isomerides. His method consisted in acting 
on the vapour of the boiling hydrocarbon with chlorine, and 
then converting the product, which he proved to be, in all cases, 
a mixture of the primary and secondary chlorides, into the cor- 
responding alcohols, the structure of which was then recognised by 
their oxidation products. Taking advantage of this characteristic 
action of chlorine on these compounds, he also succeeded in pre- 
paring the hitherto unknown normal propyl alcohol. Starting from 
isopropyl iodide, he first converted this by the action of zinc and 
hydrochloric acid into propane, from which the primary chloride was 
next obtained by the action of chlorine, and the corresponding 
alcohol was then prepared from it. This method is a general one for 
converting a secondary alcohol into the corresponding primary 
derivative. 


The variation of the boiling point with the chemical constitution 
of the paraffins and their derivatives was also a subject to which 
Schorlemmer, following in the footsteps of Kopp, paid much atten- 
tion. He established the fact that the boiling points of the normal 
paraffins rise with each additional carbon atom by a gradually de- 
creasing amount, until, among the higher members of the series, the 
constant difference of about 19° is reached. He also pointed out 
that, among the isomeric members of a single group, the normal 
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hydrocarbon has the highest boiling point, after which come in de. 
scending order those containing one and two secondary carbon atoms, 
whilst a tertiary hydrocarbon boils at a lower temperature than 
either the normal isomeride or that containing a secondary carbon 
atom. 

Next in importance to the long series of researches on the par. 
affins, is the investigation on aurin, conducted in conjunction with 
his friend Mr. R. S. Dale. This substance was extracted from the 
crude dye known as “ coralline,” and very thoroughly examined. In 
the course of the work, it was shown that aurin is converted by the 
action of ammonia into a substance which appeared to be identical in 
properties with rosaniline. This change was, however, inconsistent 
with the formule then ascribed to aurin, Cj H,,O;, and rosaniline, 
Cy»H,;N;. Whilst Dale and Schorlemmer attacked the problem by 
subjecting their aurin to a still more rigorous purification, and found 
that its formula is C,HyO3, E. and O. Fischer solved the diffi. 
culty by showing, in the course of their classical researches on the 
rosanilines, that the substance obtained from aurin is, in reality, 
pararosaniline, C,,H,,O3, and that the former is the trihydroxy-, and 
the latter the triamido-derivative of triphenylcarbinol. 

Among the numerous other points of interest attached to Schor: 
lemmer’s work, we may notice the series of papers on suberone (in 
conjunction with Dale), and the short papers on the constitution of 
thiosulphuric (hyposulphurous) acid and bleaching powder, in both 
of which the views now generally adopted are supported. 

The value of his contributions to our knowledge of organic 
chemistry was soon recognised by the Royal Society, of which he was 
elected a Fellow in 1871, and later on by the University of Glasgow, 
the Senate of which, in 1888, conferred on him the degree of 
LL.D. 

Schorlemmer was scarcely less distinguished as an author than as 
an investigator, and devoted the last years of his life almost entirely 
to literary work. In 1867 he prepared the German edition of Roscoe’s 
Lessons in Elementary Chemistry, and this was followed in 1871 
by an independent Lehrbuch der Kohlenstoffverbindungen, which at 
the same time served as the second volume of the German edition 
of the Lessons. With some modifications, this work was published 
in England, in 1874, under the name of A Manual of the Chemistry 
of the Carbon Compounds or Organic Chemistry, and at once took 
a high place among the chemical literature of the country. In 1877, 
was published the first volume of the well-known Systematic Treatise 
on Chemistry, written in conjunction with Professor Roscoe, and pub- 
lished both in England and Germany. This work, the most extensive 
and complete of the kind in the language, occupied a large share of 
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his attention after this period, but was, unfortunately, only approach- 
ing completion at the time of his death. In addition to these descrip- 
tive works, we owe to his pen the Rise and Development of Organic 
Chemistry, @ brief sketch of the history of the subject, written in 
admirable literary style, and with a clearness and conciseness of treat- 
ment which render it a most fascinating work. During the last few 
months of bis life he was busily engaged on an extended History of 
Chemistry, which promised to throw new light on some of the more 
doubtfal and still unsettled questions connected with the early days 
of the science. 

Alike as investigator, author, and teacher, Schorlemmer was distin- 
guished by a Teutonic thoroughness. Nothing in his lectures was 
more remarkable than the modesty with which he passed over his 
own achievements, and the singular skill which he displayed in com- 
pressing the essentials of his subject into the brief outline of a single 
course of lectures. The excellence of these, although marred by the 
difficulties of a foreign tongue, is safficiently attested by the record 
of the students who have passed through his hands. 

He was possessed of a quite exceptional familiarity with chemical 
literature, and had a high reputation as an expert in the technology 
of various branches of applied organic chemistry, and had, moreover, 
paid considerable attention to the science of botany. In public life, 
Schorlemmer took no active part in England, whilst in Germany 
he sympathised with the Social Democrats, among whom he fonnd 
many friends. His attitude on this question even earned for him, 
during his absence in England, the honour of a domiciliary visit from 
the authorities. Although of a retiring and somewhat reserved dis- 
position, those who knew him found in him a genial friend, who was 
always anxious to assist, and whose aid and counsel were always 
valuable and always given readily and ungrudgingly. 

The following is a complete list of the memoirs and notes pub- 
lished by him, amounting in all to 60 distinct papers :— 


1. “On the Hydrides of the Alcohol Radicles existing in the 

Products of the Destructive Distillation of Cannel Coal.” 
J. Chem. Soc., 1862, 15, 419. 

. “On the Chemical Constitution of American Rock Oil.” 
Proc. Man, Ltt. and Phil. Soc., 3, 1862-63, 81. 

. “On the Derivatives of Hydride of Heptyl.” J. Chem. Soc., 
1863, 16, 216. 

. “On the Chemical Constitution of the so-called Alcohol 
Radicles.” J. Chem. Soc., 1863, 16, 425. 

. “On the Action of Chlorine upon Methyl.” Proc. Roy. 
Soc., 13 (1864), 225. 
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. “On the Identity of Methyl and Hydride of Ethyl” 
J. Chem. Soc., 1864, 17, 262. 

. “ Researches on the Hydrocarbons of the Series C,H,,,,.” 
Proc. Roy. Soc., 14 (1865), 164, 464; 16 (1868), 34, 367, 
372 ; 18 (1870), 25; 19 (1871), 20, 487. 

. “Note on the Hydrocarbons contained in Crude Benzol,” 
J. Chem. Soc., 1866, 19, 356. 

. “Note on Ethyl Hexyl Ether.” J. Chem. Soc., 1866, 19, 357. 


7. “ Note on the Amyl Compounds derived from Petroleum.” 


Proc. Roy. Soc., 15 (1867), 131. 
. “On a New Series of Hydrocarbons derived from Coal-tar,” 
Proc. Roy. Soc., 15 (1867), 132. 
. “On. the Constitution of Capryl Alcohol from Castor-oil.” 
Proc. Roy. Soc., 16 (1868), 376. 


21. “On the Derivatives of Propane (Hydride of Propyl).” 


Proc. Roy. Soc., 17 (1869), 372; 18 (1870), 29. 


2. “On the Constitution of Hyposulphurous Acid.” J. Chem. 


Soc., 1869, 22, 254. 

- “Formation of Cetyl Alcohol by a singular Reaction.” 
Proc. Roy. Soc., 19 (1871), 22. 

. “ Berichtigung. Ueber Bleikammerkrystalle.” Ber., 5 (1872), 
378. 

. “On the Boiling Points of the Normal Paraffins and some 
of their Derivatives.” Proc. Man. Iit. and Phil. Soc., 
(1872), 95. 


26. “‘On the Normal Paraffins.” Phil. Trans., 162 (1872), 111. 
27. “On the Heptanes from Petroleum.” J. Chem. Soc., 1873, 


26, 319. 
. “Ueber die Oenanthylsiure.”” Ber., 6 (1873), 58. 


29. ‘An Improved Method for preparing Marsh Gas.” Proc. 


Man. Lit. and Phil. Soc., 13 (1873), 29. 

. “The Chemical Constitution of Bleaching Powder.” Proc. 
Man. Lit. and Phil. Soc., 13 (1873), 49. 

- “On the Chemical Constitution of Bleaching Powder.” 
J. Chem. Soc., 1874, 2'7, 335. 


32. “‘Methylhexylearbinol.” J. Chem. Soc., 1874, 2'7, 1029. 


. “Note on the Boiling Point of Methylhexylcarbinol.” 
J. Chem. Soc., 1875, 28, 209. 

. “Some Remarks on Mr. T. M. Morgan’s Paper.” J. Chem. 
Soc., 1875, 28, 306. 

. “On Groves’ Method of preparing Chlorides.” J. Chem. Soc., 
1875, 28, 308. 


36. “On some Reactions of Bromine and lodine.” Pree. Man. 


Lit. and Phil. Soc., 1875, 4. 
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. “On the Normal Paraffins. Part II.” Phil. Trans., Part I, 


1878, 49. 


. “On the Normal Paraffins. Part III.” Phil. Trans., Part II, 


1880, 451. 


. “On the Origin of the Word Chemistry.” Mem. Man. Lit. 


and Phil. Soc. [3], 7, 75. 


. “The Action of Hydrochloric acid on Ethylene Alcohol.” 


Trans., 1881, 39, 143. 


. “On the Occurrence of Caffeine in the Leaves of Tea and 


Coffee grown at Kew Gardens.” Mem. Man. Lit. and 
Phil. Soc. [3], 8, 155. 


. “On the Leaves of Catha edulis.” Mem. Man. Lit. and 


Phil. Soc. [3], 8, 169. 


. “On the Introduction of Coffee into Arabia.” Mem. Man. 


Lit. and Phil. Soc. (3), 8, 215. 


. “ Thionyl Chloride.” Proc. Chem. Soc., 1885, 52. 
. “The History of Creosote, Cedriret, and Pittacal.” J. Soc. 


Chem. Ind., 4 (1885), 152. 


. “Reduction der Aldehyde zu Alcoholen.” Ann. Chem. 


Pharm., 177, 303. 


In conjunction with Grimshaw : 
47. “ @Enanthylic Acid and Normal Heptyl Alcohol.” J. Chem. 


48. 


Soc., 1873, 26, 1073. 
“Normal Primary Heptyl Alcohol.” Proce. Roy. Soc., 21, 


393. 


In conjunction with R. 8. Dale: 


49—5]1. 


52. 
53. 
54, 
55. 
56. 


57. 


58. 
59. 


“Suberone.” J. Chem. Soc., 1874, 2'7, 935; Trans., 1879, 
33, 684; 1881, 39, 539. 

“Note on Safranine.” Trans., 1879, 33, 682. 

“Suberic and Azelaic Acids.” ‘Trans., 1879, 33, 683. 

“On Aurine.” J. Chem. Soc., 1871, 24, 466. 

“On‘Aurin.” J. Chem. Soc., 1873, 26, 434. 

“Transformation of Aurin into Rosaniline.” J. Chem. Soc., 
1877, 3, ii, 121. 

“ Ueber die Umwadlung des Aurins in Rosanilin.” Ber., 10, 
1123. 

“On Aurin. Part II.” Trans., 1879, 33, 148. 

“Transformation of Aurin into Trimethylpararosaniline ” 
(printed by mistake Triphenylpararosaniline). Trans., 
1879, 33, 562. 


In conjunction with T. E. Thorpe: 
60. “ On the Normal Paraffins. Part IV.” Phil. Trans., 1883, 


Part I, 269, © 
A. H. 
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A.ExaNDER Norman Tate was born on February 24, 1837, in the 
city of Wells, in Somersetshire, and was educated at the Cathedral 
Grammar School there. He came to Liverpool, in 1857, and studied 
chemistry in the laboratory of Dr. James Sheridan Muspratt, 
After 1860, he was employed for about three years in the laboratory 
of Messrs. John Hutchinson and Co., alkali manufacturers, Widnes; 
and in 1863 we find him engaged in analytical and consulting 
practice, in Lord Street, Liverpool. It was about this time that 
the petroleum imported from America began to attract attention, 
and Mr. Tate, having studied petroleum products, published a small 
treatise on Petroleum and its Products, which found much favour 
in commercial circles not only at home but, through French and 
German translations, on the Continent also. This procured him an 
engagement to erect and manage oil refining works in the Isle of 
Man; and accordingly he sold his analytical practice in 1864, and 
went to reside at Ramsay. He next performed a similar service in 
Flintshire, in connection with a manufactory for the production of 
coal and shale oils. Returning to Liverpool he recommenced ana- 
lytical practice in Zazakerly Street, in 1869; but this time he was 
also engaged in chemical works at St. Helens. Having purchased 
Mr. Newton Samuelson’s practice, he removed to Hackins Hey in 
1871. It was here that, in conjunction with Mr. James Samuelson, 
who had become dissatisfied with the management of the evening 
School of Science, he intiated a system of evening lectures under the 
name of “ Liverpool Science and Art Classes,” in connection with the 
South Kensington Department of Science and Art. Mr. Tate was 
very wide in his sympathies and besides giving lectures personally on 
chemistry, botany, and physiology, for some years, he acted as 
honorary principal and organised the whole series of these science 
and art classes down to the last year of his life, when the School of 
Science and the Science and Art Classes were amalgamated and 
received a new impulse under common management with the support 
of grants from the Technical Instruction Committee of the County 
Council of the city. 

Mr. Tate published a paper in the Journal of the Chemical Society, 
in 1860, ‘On the Action of Boracic Acid upon the Salts of the more 
Volatile Acids at High Temperatures,” and other papers and notices 
appeared in the Journals of the Royal Dublin Society and of the 
Society of Chemical Industry, and in the Transactions of local 
societies of which he was at various times chairman and vice-chair- 
man. Mr. Tate had an extensive analytical practice and made 4 
speciality of oils and fats as well as petroleum, products of alkali 
works, and other commercial products. But it was in his efforts to 
popularise the study of science after business hours, in editing 4 
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magazine called Research, in promoting the Science Students’ Associ- 
ation and the Science and Art Teachers’ Association and similar 
honorary work, that Mr. Tate’s kindly spirit found its most congenial 
outlet. It may be said of him that no student struggling to increase 
his knowledge ever failed to gain his sympathy and encouragement. 
Mr. A. Norman Tate was elected a Fellow of the Chemical Society 
in 1860. He was a Fellow of the Institute of Chemistry, an original 
member of the Society of Chemical Industry, and vice-chairman of 
its Liverpool Section at the time of his death, which took place on 
the 22nd July, 1892, after a long illness, borne with that same cheery 


patience which never deserted him during his busy life. 
J. C. B. 


Mr. Taomas TayLor was born on the Ist January, 1814. He was 
educated privately, and entered as a student at St. Bartholomew’s 
Hospital. He took his membership of the Royal College of Surgeons 
of England in 1837, and became a Fellow in 1870. The writer has 
no evidence that Mr. Taylor ever seriously practised medicine. The 
very large collection of urinary calculi and other animal concretions, 
several thousands in number, in the Museum of the College of 
Surgeons, in Lincoln’s Inn Fields, was chemically examined and 
classified by Taylor. This work extended over several years, and 
is embodied in the Catalogues of the Museum. Part I, ‘ Human 
Urinary Calculi,” appeared in 1842. Part II, “ Calculi from the Biliary 
Organs, Stomach, and Intestines of Man; Calculi from the Lower 
Animals, &c.,” appeared in 1845, A supplement was published in 
1871, The catalogues contain exhaustive monographs on the 
different subjects dealt with which renders them especially valuable 
for the purposes of study and reference. The operation of “ crush- 
ing” for stone having in so many instances superseded that ot 
“cutting,” it is extremely improbable that another collection at all 
similar in extent and variety to that possessed by the College will 
ever be made, The following is a list of papers from Mr. Taylor’s 
pen :—‘“ Observations on Urinary Calculi,” Phil. Mag., 1838, 12, 
“ On a new species of Biliary Calculus,” Phil. Mag., 1841,17. “On 
some new species of Animal Concretions.” Phil. Mag., 1846, 28. 
The London, Edinburgh, and Dublin Philosophical Magazine and 
Journal of Science for May, 1844, and for November, 1845, contain 
papers on new calculi which he had met with in the course of his in- 
quiries, 

For some years Mr. Taylor was assistant to Dr. Leeson, of St. 
Thomas’s Hospital, but in 1848 he was elected Lecturer on Chemistry 
at the Middlesex Hosital, in conjunction with the late Mr. Charles 
Heisch. It is said that the appointment was offered to Taylor, who 
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accepted it on the condition that Heisch should be associated with 
him. The dual arrangement existed down to Mr. Taylor’s retirement 
—about 1869. For some years he had an interest in the drug 
business of Taylor Brothers, in Vere Street, W., but the business was 
sold soon after his brother’s death in 1867. The site is now occupied 
by the Post Office. This connection enabled him to put his scientific 
knowledge to business uses ; and he was one of the first to employ 
the vacuum pan in the preparation of vegetable extracts. He experi. 
mented largely on the manufacture of pyroxylin for the preparation 
of collodion, and devised a process for the manufacture of artificial 
parchment, which was intended to take the place of the parchment of 
the ancient scribe. 

An intimate acquaintance writes :—‘‘ He was an authority on water 
analysis, and was the first to make known in England the process of 
Schénbein for the manufacture of guncotton. He also discovered 
what is now called parchment paper, and sold his patent to Mr. De 
Ja Rue. He had a most uncommercial mind—had a profound regard 
for scientific truth, and for that reason, though frequently consulted, 
was seldom, if ever, put into the witness box.” 

He died at Montreux, on the 6th of March, 1892. It is curious that 
his colleague, Mr. Heisch, and his predecessor at the Middlesex 
Hospital, Mr. Makins, fell victims about the same time to the 
inclement weather of last spring. W. F. 


Caartes Meyrmorr Tipy died on the 15th of March last year. He 
had an attack of influenza in the previous spring, and though he did 
not immediately succumb, he never recovered his wonted capacity— 
or we might say, his avidity—for work. 

He was the son of a well-known medical man, Dr. William Cal- 
lender Tidy, of Hackney, and for a short time he continued his 
father’s practice with notable success. In addition to the member- 
ship of the Royal College of Surgeons, he took in 1866 the degree of 
M.B. at the University of Aberdeen with the highest honours. But 
medical practice did not suite his tastes. On his return to London, 
he was first associated with the late Dr. Letheby at the London 
Hospital, and whilst in this post his attention seems to-have been 
first drawn to sanitary movements and precautions. On the death of 
Letheby, Dr. Tidy succeeded to his appointments as Professor of 
Chemistry, Medical Jurisprudence, and Public Health at the Medical 
School of the London Hospital, and, in addition, as Medical Officer of 
Health for the City of London. In the discharge of his duties he 
appears to have trodden in the footsteps of his predecessor, for, like 
Dr. Letheby, he never sought to create a “scare ” for his own glorifi- 
cation, his policy being not to drive but to lead the public in the 
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direction of sanitary reform; his conduct, for example, in dealing 
with the sewage question was similar to that of Dr. Angus Smith 
when entrusted with the working of the “ Alkali” Acts. 

In addition to the offices mentioned, Dr. Tidy held that of Medical 
Officer of Health for Islington, and Official Analyst to the Home 
Office. In all these positions he displayed an acuteness of observa- 
tio and soundness of judgment which won for him the thorough 
confidence of all the official bodies with which he was brought int 
contact. 

As the Chemical News justly observes :—‘“ Not only was his know- 
ledge profound, but it was always ready at command. He was 
unrivalled in seizing at once upon the salient points of any question, 
and in devising experiments to test the accuracy of all arguments 
and theories adduced whether by colleagues or opponents. In addi- 
tion to these qualifications, he possessed in an eminent degree the 
uncommon faculty known as ‘ common sense.’ ” 

Dr. Tidy’s position as Professor of Medical Jurisprudence at the 
London Hospital, and his frequent experience in the Courts of Law, 
convinced him that a counsel thoroughly acquainted with medical 
and chemical facts and conclusions was needed. Accordingly he 
went through the requisite preliminary studies and was called to the 
Bar at Lincoln’s Inn. He was next appointed Reader in Medical 
Jurisprudence to the Inns of Court. His lectures in this capacity 
were highly appreciated. We happen to know that he longed for 
nothing more eagerly than for the opportunity of cross-examining 
certain leading professors in some of the many controversial matters 
arising out of sanitary questions. Two of his works deal with 
medical jurisprudence, his Handbook of Forensic Medicine and Tozxi- 
cology, which he brought out in 1877 in conjunction with Mr. W. B. 
Woodman, and his Legal Medicine, which appeared in 1883, and for 
which the Swiney prize was awarded to him six years afterwards. 
His Handbook of Modern Chemistry was published in 1878. 

In his connection with the Society of Arts, Dr. Tidy delivered, in 
1873, a course of Cantor Lectures on the Practical Application of 
Optics to the Arts and Manufactures and to Medicine, and in 1886 he 
read an elaborate and valuable paper on the “‘ Treatment of Sewage.” 
This paper was discussed at three adjourned meetings of the Society. 
On this occasion, the abuses which seem inseparable from adjourned 
discussions were signally brought to light. Two at least of the 
speakers were evidently reading independent memoirs for the venti- 
lation of their own views, rather than discussing Dr. Tidy’s paper, 
since they criticised processes which he had never mentioned, and 
<ontested views which he had certainly never advanced. This irregu- 
larity seems to have arisen im consequence of one of the chief merits 
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of Dr. Tidy’s paper, that he did not speak as the advocate of any one 
exclusive system. 

One of the greatest, however, of Dr. Tidy’s sanitary studies was 
undertaken in the beginning of 1881, in conjunction with Profeggor 
Odling and Mr. Crookes. It relates not to the disposal of sewage or 
the pollution of rivers, but to the water supply of London. A strong 
feeling had sprang up to the effect that the water supplied by the 
London companies was not satisfactory in quality, and that its 
sources were in part, at least, decidedly objectionable, that is, the 
Thames and the Lea. The companies, therefore, placed themselves 
jointly in the hands of the three chemists above named, with full 
power not merely to make a most stringent examination of their 
feeders, wells, reservoirs, and filter-beds, but to insist on the renoya- 
tion of any filter-bed which was found to be working unsatisfactorily, 
or to disconnect any feeder which they might find to be polluted. 
This work, together with daily analyses of samples of water drawn 
from the standpipes of each of the water companies, has been going 
on continuously from 1881 to the present day. Without wishing w 
take sides in the controversy which has sprung up in connection with 
the policy of the London water companies, it is evident that in com- 
missioning the above-mentioned chemists to make a strict and 
authoritative enquiry they were not only acting within their own 
rights, but they were doing their duty to the Metropolitan public. 
It wil] in future scarcely find credence that not only were the water 
companies censured for the step they had taken, but even the experts 
were blamed for the style and tone of their reports, which ought, it 
was said, to have been couched in less bold language. 

It is too commonly said that the appearance of water on inspection 
is no guide to a decision as to its purity. Dr. Tidy and his col- 
leagues, however, have proved to the contrary. They showed that if 
a pure water—we do not mean the absolute or ideal H,O— is seen in 
a sufficiently deep column and duly illuminated, its colour is a pale, 
transparent blue, inclining to green, and free from any approach to 
milkiness or opalescence. On the contrary, water holding organic 
matter in solution, if similarly examined, shows a pale brownish 
colour. If two such waters are mixed together in different propor- 
tions, we have the kind of water generally seen in clear streams and 
springs, which is approximately colourless. To render this colour 
test capable of giving approximately quantitative indications, Dr. 
Tidy and his colleagues prepared two standard solutions, the one of a 
pale blue and the other of a light yellowish-brown. By placing 
these liquids in hollow glass wedges and sliding the one over the 
other, it was found possible to imitate very exactly the tone of colour 
ef any specimen of water, and by noting the exact depth of each 
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solation required to produce this effect it proved easy to ascertain the 
comparative purity of such sample. , 

One of Dr. Tidy’s latest sanitary investigations was concerning 
certain new supplies of water which the Corporation of Barrow-in- 
Furness were desirous of acquiring for the use of the town, and for 
which they are now seeking Parliamentary powers. His reporton the 
quality of the sources in question was handed in to the Committee of 
the House of Lords appointed to consider this question only after the 
death of the author. Mr. Pember, Q.C., the senior counsel for the 
Barrow Corporation, in putting in this document, paid a high tribute 
to Dr. Tidy’s professional character. 

Dr. Tidy’s decease at the comparatively early age of 50 was 
singularly inopportune. In the enquiry into the Metropolitan water 
supply before the Royal Commission, Dr. Tidy’s wide experience, the 
moderation of his views, and his pronounced mistrust of costly and 
sensational projects would have rendered good service, not merely or 
even mainly to the London water companies, but even more decidedly 
to the consumers. 

It will be understood from what has been said that Dr. Tidy was 
an indefatigable worker. Possibly he died of overwork. In his 
private capacity he was universally esteemed by his wide circle of 
friends, who were attracted at once by his sterling type of character 
and by his never-failing fund of humour. 
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XLIX.— Reduction of «-Diketones. 
By Francis R. Japp, F.R.S., and Ferix Kiinegemann, Ph.D. 


Benzil. 


Reduction of Benzil with Hydriodic acid.—20 grams of benzil were 
boiled for a few minutes with excess of the strongest fuming hydr. 
iodic acid in an open flask over a flame, holding the flask with a clamp 
and shaking the mixture continually during the process. Cold water 
was then added, and the acid liquid was poured off from the semi- 
solid organic substance ; this was dissolved in ether, and the solution 
shaken, first with dilute sulphurous acid to remove iodine, then with 
a solution of sodium carbonate, and finally, washed thoroughly with 
water. After expelling the ether, the residue was distilled under 
reduced pressure, using an Anschiitz flask (Trans., 1890, 57, 685, 
footnote) ; it passed over at 200° under a pressure of 30mm. The 
distillate, which solidified, was purified by recrystallisation from hot 
alcohol; the substance was thus obtained in thin plates melting at 
59° (m. p. of deoxybenzoin 60°). Analysis gave figures agreeing 
with the formula of deoxybenzoin, C,H,.0. The yield is excellent. 

Limpricht and Schwanert have shown (Annalen, 155, 61) that, at 
the higher temperature of 180°, deoxybenzoin is, in its turn, con- 
verted by hydriodic acid first into stilbene and then into dibenzyl. 


Phenanthraquinone, 


Reduction of Phenanthraquinone with Hydriodic acid.—20 grams of 
phenanthraquinone were boiled with fuming hydriodic acid as in the 
experiment with benzil, and the product was treated as already 
described. On distillation, a pale yellow oil passed over between 
245° and 270° under a-pressure of 25 mm. It at once solidified and 
was twice recrystallised from benzene, from which it was deposited 
in brownish needles melting at 152°. It is very soluble in alcohol 
and acetic acid, sparingly in light petroleum. It dissolves in caustic 
alkalis and is reprecipitated by acids. Analysis gave figures agreeing 
with the formula C,,H,O. 


0°2010 gave 0°6351 CO, and 0:0919 H,O. C = 86°47; H = 5:09. 
02009 ,, 06330CO, ,, 0:0935 H,O. C= 8619; H = 5:18. 
CHO requires C = 86°60; H = 5°15 per cent. 

The substance is evidently identical with the phenanthrone (m. p. 
148—149°) which Lachowicz, who prepared it by the reduction of 


dichlorophenanthrone, with finely-divided iron and acetic 


i oH: i 0 
C,H, CCl,’ 


— 
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acid, regarded as the deoxybenzoin of the phenanthrene group, 


eon A, (J. pr. Chem. [2], 28, 172). We have obtained evidence, 


however, that this compound is-a phenol of the formula end C yO 
6H, CH 


but reserve the discussion of this point for a future occasion. 

Lustgarten (Abstr., 1883, 44, 243) describes a test for a- or 
p-naphthol, which consists in dissolving the substance in strong 
caustic potash, adding chloroform, and warming the mixture to about 
50°, when, if either of the naphthols is present, a fine Prussian blue 
colour is developed, changing, in contact with the air, successively 
into blue-green, green, green-brown, and finally brown.* We find 
that the present compound, when treated in the same way, gives a 
precisely similar blue coloration; but the subsequent changes of 
colour do not occur; instead, the alkaline solution deposits dark blue 
needles with a coppery lustre. 

The study of phenanthrone will be continued. 

Reduction and Simultaneous Acetylation of Phenanthraquinone.— 
100 grams of phenanthraquinone, 300 c.c. of glacial acetic acid, 
25 grams of amorphous phosphorus, and 2°5 c.c. of fuming hydriodic 
acid (sp. gr. 1-9) were boiled for four hours in a flask attached to a 
reflux condenser. A separation of iodine occurred at first, but dis- 
appeared as the action proceeded. The hot liquid, poured off from 
the excess of amorphous phosphorus, solidified to a magma of slender 
needles, which were separated by filtration, washed with cold glacial 
acetic acid, redissolved in boiling glacial acetic acid, and filtered hot 
from a little amorphous phosphorus. After two or three crystallisa- 
tions from the same solvent, it was obtained in slender, colourless 
needles melting at 170—172° toa dark liquid. Caustic alkalis dis- 
solved it, yielding a green solution. On analysis, it gave figures 
agreeing with the formula C,.H),03. 

01830 gave 0°5125 CO, and 0°0788 H,O. C= 76:37; H = 4°78. 

C,sH,,0; requires C = 76:19; H = 4°76 per cent. 
The compound has, therefore, the composition and properties of 


OsH 0-0 CHO . . ‘ 
acetylphenanthraquinol, | b,H, U. OH which Klinger obtained by 


the direct union of phenanthraquinone with aldehyde under the in- 
fluence of sunlight (Annalen, 249, 138). Klinger gives the melting 


point as 168—170°. 
Care should be taken not to exceed the prescribed proportion of 


* In the abstract of the present paper (Proc., 1890, 31), we erroneously refer to 
this reaction as a test for 6-naphthol, whereas both naphthols behave alike in this 


respecte 
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hydriodic acid, otherwise the water present in the acid prevents the 
acetylation. The yield of purified substance was only one-third of 
the weight of the phenanthraquinone taken, but more could haye 
been obtained from the mother liquors. 

For further identification we converted the compound into Graebe’s 
diacetylphenanthraquinol, C,,H,(O°C.H;O),, by heating it with acetic 
anhydride at 150°. The resulting diacetyl compound, after recrystal. 
lising twice from benzene, melted at 199° 7 Graebe). It gave 
the following figures on analysis. : 


0°1889 gave 0°5105 CO, and 0°0803 H,O. C= 73:70; H = 4-72, 
CisH yO, requires C = 73°47; H = 4°76 per cent. 


We found that when distilled under diminished pressure diacetyl. 
phenanthraquinol undergoes only very slight decomposition. 

Destructive Distillation of Monacetylphenanthraquinol.—A quantity 
of monacetylphenanthraquinol was distilled from an Anschiitz flask 
under a pressure of about 20mm. There was much decomposition, 
and a dark-coloured liquid passed over, whilst a yellow compound, 
evidently much less volatile, solidified in needles in the neck of the 
flask. The liquid distillate also solidified. 

The yellow compound, which was insoluble both in benzene and in 
glacial acetic acid, was purified by recrystallisation from a heavy 
coal-tar oil (b. p. 160—180°), from which it was deposited in slender, 
yellow needles melting at 295—297°. It dissolves in concentrated 
sulphuric acid, giving a colourless solution which speedily turns blue. 
Analysis gave numbers agreeing with the formula C,,H,,0. 


0°1242 gave 0°4158 CO, and 0°0499 H,O. C=91:30; H= 4-46. 
C,H,O requires C = 91°30; H = 4°35 per cent. 


This would be the formula of a tetraphenylenefurfuran, 
GHG —OrOuH 
C,HyC C’C,H,. 


The corresponding tetraphenylfurfuran (lepiden) also gives a 
coloration (green) with concentrated sulphuric acid. 

The dark-coloured distillate already referred to, which had collected 
in the receiver of the Anschiitz flask, was purified by repeated re- 
crystallisation from benzene, from which it was deposited in small 
dark red, oblique plates melting at 155° (see following section). 

Reduction of Phenanthraquinone with Zinc and Hydrochloric acid.— 
This experiment was performed in view of the possibility that the 
reduction of phenauthraquinone with zinc and hydroehloric acid 
might be analogous to that which benzoin undergoes in Zinin’s 
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method of preparing deoxybenzoin, and might therefore yield phen- 
anthrone. This was, however, somewhat improbable, and, as a matter 
of fact, did not occur. , 

- 20 grams of phenanthraquinone and 200 grams of alcoholic hydro- 
chloric acid were gently warmed in a water-bath, and 50 grams of 
zine filings gradually added. Ultimately the temperature was raised 
to the boiling point of the alcohol, and the heating was continued 
until the. dark colour of the solution had changed to a pale brown. 
Addition of water precipitated a dark-coloured oil, which was dis- 
solved in ether, washed with water, and, after expelling the ether, 
distilled under reduced pressure from an Anschiitz flask. There was 
much decomposition, and an oil passed over which did not appear to 
contain any phenanthrone, but from which the dark red compound 
melting at 155°, obtained from acetylphenanthraquinol, could be 
isolated. It is deposited from benzene, as already described, in 
minute, oblique plates ; sometimes, on spontaneous evaporation of the 
solvent, it separates on the sides of the beaker in very characteristic 
serrated forms, consisting of aggregations of the plates. A very 
beautiful crystallisation, in lustrous, dark red lamine, can be obtained 
by the addition of light petroleum to the hot benzene solution ; but 
this method is applicable only when the substance is already fairly 
pure. When treated with a cold solution of sodium hydroxide, the 
substance turns green and partly dissolves; the alkaline solution is 
precipitated by hydrochloric acid. On warming with the sodium 
hydroxide, the green substance turns yellow and nearly all dissolves ; 
this solution is also precipitated by hydrochloric acid. The red 
compound dissolves in cold concentrated sulphuric acid, the liquid 
assuming a dark green colour indistinguishable from that afforded 
by phenanthraquinone when treated in a similar manner. The analyses 
would agree best with the formula C,,H,,03. 


01137 gave 0°3508 CO, and 0:0496. C = 8414; H = 484. 

01397 ,, 0°4294C0, ,, 00586. C = 83°82; H = 466. 

00662 ,, 02035 CO, ,, 0°0289. C = 83°84; H = 4°85. 
C.,H,.O; requires C = 83°58; H = 4°48 per cent. 


Analyses I and IT were made with the same preparation. It was 
then recrystallised and used for Analysis III. 

We offer the formula C,,H,O; with reserve, and it will be im- 
possible to investigate the compound properly until some readier 
means of preparing it has been found. The formation of a com- 
pound of the formula C,,H,,O; might be accounted for by supposing 
that the phenanthraquinone is first reduced to phenanthraquinol, and 
that, in the subsequent distillation, the latter compound parts with 
water according to the equation 
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20H »O, = C»xH,,0O; + H,0. 
Phenanthraquinol. Red compound. 


The present mode of formation shows that, when the compound is 
prepared from acetylphenanthraquinol, the acetyl group takes no 
part in building up the new molecule. 


B-Naphthaquinone. 


Reduction of B-Naphthaquinone with Hydriodic acid.—The reduc- 
tion of f-naphthaquinone by hydriodic acid is incidentally men- 
tioned by Stenhouse and Groves (J. Chem. Soc., 32, 53), who found 
that the corresponding quinol was formed. We repeated the reduc- 
tion in order to ascertain whether it could not, as in the case of 
phenantbraquinone, be carried further than this. 

The naphthaquinone was boiled for a few minutes in an open flask 
with an excess of the strongest fuming hydriodic acid, and the whole 
process, including the distillation of the product, was conducted 
exactly as in the experiment with benzil. The solid distillate was 
soluble in caustic soda, and the greenish-brown colour which the 
alkaline solution instantly assamed when exposed to air showed that 
it contained £-naphthaquinol. It was purified by repeated recrystal- 
lisation from light petroleum, allowing the substance to oxidise in the 
air as much as possible. In this way, at each recrystallisation, a 
quantity of dark-coloured, partially oxidised substance, probably im- 
pure quinhydrone, was left undissolved. Ultimately a pure sub- 
stance was obtained which did not darken when exposed to air and 
dissolved without residue in light petroleam; moreover, the alkaline 
solution did not turn green, showing the absence of B-naphthaquinol. 
The melting point was 120—121° (m. p. of 8-naphthol 122°). The crys- 
tals deposited from light petroleum were found to be indistinguish- 
able from those of a specimen of f-naphthol from the same solvent: 
both formed lamine, or flat needles, with serrated edges. The solu- 
tion in strong caustic potash, when gently warmed with chloroform, 
gave a blue colour changing to green (Lustgarten’s reaction for the 
naphthols). The compound is therefore 8-naphthol. 

The analogy between phenanthraquinone and f-naphthaquinone is 
therefore preserved in their behaviour towards hydriodic acid. As 
already stated, the so-called phenanthrone appears to be a phenol and 


not a carbonyl compound. 


The foregoing work was carried out in the chemical laboratory of 
the Royal College of Science in the beginning of the year 1890. 


KOPP MEMORIAL LECTURE.* 


(DetiverED Frsrvary 20, 1893.) 


L.—The Life Work of Hermann Kopp. 
By T. E. Tuorpr, D.Sc., F.R.S. 


By the death of Hermann Kopp, a year ago to-day, the army of 
science lost one of its generals of division, and our own Society one 
of the oldest and most distinguished of the eminent company we are 
proud to call our Foreign Members. It is significant of Kopp’s power 
and promise, and of the position that he so early won for himself in the 
commonwealth of science, that he should have been elected a Foreign 
Fellow of aur Society so far back as 1849, when he was barely 
82 years of age. With the exception of his illustrious colleague 
Bunsen, who is the doyen of the Forty, and whose jubilee as a 
Foreign Member we celebrated last year, and of the veteran 
Fresenius, who was elected in 1844, he was, at the time of his decease,. 
the Senior Member on the list. 

As the end of the century draws near, one after another of the men 
who have made this century what it is are passing over to the major- 
ity. It was characteristic of Kopp, in whom humour and pathos 
were happily blended, that he should have taken leave of Hofmann, 
at what proved to be their last meeting, with the closing words of 


the song :— 


Der Herr im Himmel schenk ein gnadig End 
Uns letzen Zehn vom vierten Regiment. 


It would seem as if, in the sunset of life, he had seen the shadow 
of acoming event. Both the friends have now submitted themselves. 
to the strict arrest of the fell sergeant, and have gone 

to join 
The innumerable caravan which moves 


To that mysterious realm where each shall take 
His chamber in the silent halls of death. 


The 19th century has witnessed an extraordinary expansion of that” 
branch of science which it is the proper business and true function of 
this Society to foster. The history of learning can show no parallel to 
it. Contrast the condition of chemistry in the 18th century with its 
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position to-day. It is true there were giants in those days: Black, 
Scheele, Cavendish, Priestley, Lavoisier, are men never to be for. 
gotten. But their merit rests not more on the number or magnitude 
of their discoveries than on the influence they exercised on an intel. 
lectual movement, which it is at once the privilege and the glory of 
this century to have furthered and accelerated. Indeed we venture 
to think that the dispassionate historian of this movement, who, with 
“the cold neutrality of an impartial judge,” weighs and assesses the 
part which successive workers have had in its progress, will recognise 
in the giants of our own time—men whose names are familiar in our 
mouths as household words—the signs of a mental stature not only 
as great as, but possibly even greater than, that of the greatest of 
their predecessors. 

The history of an epoch is the history of its leading men. They 
are the centres and sources of intellectual energy. In them the 
ever-widening waves of mental progress have their origin, and it is 
under their vivifying influence that science and learning grow and 
spread. 

Hence, therefore, we do well, from time to time, to gauge our gain 
in knowledge by contemplating the life work of the men who have 


influenced it, and who have stamped it with the marks of their power 


and individuality. It is this consideration that has induced your 
Council to see in the occasions which the stern act of death compels 
us to notice, opportunities, not only of recording our sense of reverence, 
esteem, and admiration for those who have so faithfully tended the 
lamp of learning, but also of tracing the immediate outcome of their 
labours, and of measuring its influence on contemporary science. 

By the wish of your Council I appear this evening, on this, the 
first anniversary of the death of Kopp, to discharge what is to mea 
pious duty. Five-and-twenty years ago it was my good fortune asa 
student in Heidelberg to come into contact with Kopp, and to be 
influenced by his work and teaching. 

To know Kopp was to love him, and to love him was, as Steele 
wrote of another, a liberal education. For to his friends he was ever 
ready to display the ample treasures of a mind rich not only in the 
lore of an ancient learning, but stored with the knowledge of a time 
of great achievement and of profound historical interest—the time 
which stretches from the closing years of Berzelius down to the final 
decade of the century; which covers the period of the grand move- 
ment which had its inception in the little laboratory on the banks of 
the Lahn, and which witnessed those memorable intellectual combats 
between the champions of opposing schools of chemical thought, the 
echoes of which are only faintly heard, if heard at all, by the student of 
to-day. Kopp's colloquial powers were admirable; like the Great 
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_ Iexicographer, he loved to fold his legs and have his talk out. His 
strong common sense ; his vigorous, incisive thought; the range of his 
information of men and letters; his quick, retentive memory ; his 
felicity of expression ; his fund of anecdote ; his ready wit and genial 
humour—all made him delightful to listen to. To watch the play of 
his features as he talked was in itself a recreation. Every line in the 
quaint impressive face was instinct with intelligence, the outward 
and visible sign of the active restless geist behind it. Not that there 
was any sense of unrest about the man. When I first knew him, a 
quarter of a century ago, he may be said to have passed the noontide 
of his intellectual career; he was living the quiet, contemplative, 
post-meridian life of a philosopher whose period of active service as 
a researcher was well nigh spent, happy in his surroundings and 
in his occupation ; his social sympathies satisfied by his relations 
with colleagues like Bunsen, Kirchoff, Helmholtz, Renaud, Kénigs- 
berger, and Zeller; and his mental activity finding scope fof itself in 
his lectures, in the exercise of the various offices connected with the 
management of the University which he was called upon to fill, and in 
his literary labours. His life, like that of the greater number of men 
of science, had not been what the world calls eventful ; the successive 
steps in his preferment as a teacher and the appearance of his books 
and memoirs were the main incidents which marked the even tenor of 
his way. Born October 30, 1817, at Hanau, he was early attracted 
towards the study of natural science. His father, Johann Heinrich 
Kopp, a distinguished physician, seems to have occasionally occupied 
himself with experimental chemistry, and Leonhard’s T'aschenbuch and 
Gehlen’s Journal contain papers by him on mineral analysis, and on- 
investigations relating to physiological chemical products. The 
younger Kopp received his school training at the gymnasium of his 
native town, where he acquired that knowledge of Latin and Greek, 
and that love for classical learning, which he turned to such signal 
account in the preparation of his great work on the History of 
Chemistry. When eighteen, he proceeded to Heidelberg, to the Uni- 
versity which eventually claimed him as Professor, where he studied 
chemistry under Leopold Gmelin, and physics under: Wilhelm 
Muncke. Gmelin, who became Ordinary Professor of Medicine and 
Chemistry in the University in the year in which Kopp was born, is 
wainly known by his Handbuch der Chemie, of which an English 
translation by the late Henry Watts, the first editor of our Journgl, 
was published by the Cavendish Society. Muncke is chiefly remem- 
bered on account of his share in the production of Gehler’s 
Physikalisches Wirterbuch, and by his work on the thermal expansion of 
liquids. Wohler has told us something of the conditions under which 
practical chemistry was studied in Heidelberg during the first quarter 
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of the century, from which we may gather that Kopp could have had 
but few opportunities of gaining experience of manipulative work in 
the old cloisters which at that time did duty as the University 
laboratory. He left Heidelberg for Marburg, where he graduated 
in 1838, presenting to the Philosophical Faculty as his thesis an 
essay entitled, De oxydorum densitatis calculo reperiende modo, from 
which it is evident that he had already, whilst barely 21 years 
of age, been attracted by those problems which were to consti- 
tute the chief experimental labours of his life. From Marburg he 
passed to Giessen, drawn thither by the influence which has made 
the Giessen laboratory famous in the annals of chemistry. At 
Liebig’s instigation, and under his direction, he studied the mode of 
decomposition of mercaptan by nitric acid. This, which was for the 
most part a repetition of the work of Léwig and Weidmann on ethyl- 
sulphonic acid and its salts, is, practically, the only investigation in 
pure chemistry that Kopp ever published. Work of this kind had 
evidently few attractions for him, and he quickly returned to those 
studies which, as his inaugural dissertation shows, he felt that he 
was most fitted to pursue. 

In 1841 Kopp became a privat-docent in the Giessen University, . 
lecturing alternately on theoretical chemistry, crystallography,. 
meteorology, and physical geography. At about this time, that is, 
when 24 years of age, he began his History of Chemistry, and, as his 
material accumulated, he added this subject to the list of his lecture 
courses. In 1843 he became Extraordinary Professor, and on the 
removal of Liebig to Munich in 1852, he and Heinrich Will were 
‘together made Ordinary Professors, and were entrusted with the 
charge of the Giessen laboratory. But to a man like Kopp such a 
position was certain to prove uncongenial ; he was not fitted, either 
by temperament or by training, to carry on the traditions of a place 
so indissolubly associated with the name and fame and field of work 
of another, and after a year he resigned the sole control to his friend 
and colleague. Kopp remained in Giessen nearly five-and-twenty 
years, and all his most important experimental work was done there. 
In 1863 he received a call from Heidelberg, which he accepted; 
here, as has been said, he remained until his death, occupying him- 
self latterly with lectures on the history of chemistry and on chemical 
crystallography. He was repeatedly solicited to accept a position in 
some one of the Jarger universities, notably in Leipsic and in Berlin; 
but all attempts to draw him from his dear Ruperto-Carolina were 
unavailing. ‘“ Even Bunsen alone,” he was wont to say, ‘‘ keeps we 
fast in Heidelberg.” And by no one is Kopp’s departure more 
keenly felt than by Bunsen, his friend and colleague for more than 4 
quarter of a century. The strellers on the Anlage still miss the 
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quaint figure on its way to the daily visit to the old veteran, who, 
rich in honour and in years, is now the last of that famous group 
which has made Heidelberg renowned as a centre of intellectual life 
and scientific activity. 

Kopp is best known to the literary world by his History of Chemistry. 
The first volume of this work, a monument of learning and of patient 
labour, of constructive skill and sagacious criticism, appeared in 1843, 
and the fourth and final volume in 1847, His life-long friend Hof- 
mann, who was with him at Giessen, has told us that, by the publica- 
tion of this classical work, Kopp, then barely 30 years old, suddenly 
found himself famous :—‘‘ With one accord his contemporaries recog- 
nised that here was a production which, whether they regarded the 
thoroughness of research that it displayed, or the manner in which 
the material resulting from that research was sifted and arranged, 
was without a parallel in the literature of any other country. And 
even to-day, after the lapse of nearly half a century, there is no his- 
torical work on chemistry that can be even remotely compared with 
it. Numbers of books relating to the same subject, some of consider- 
able merit, have since been published in Germany and France, but it 
is not difficult to perceive that they are all grounded on Kopp’s great 
work.” For upwards of 40 years Kopp had it in contemplation to 
bring out a new edition, and much of the later historical work he 
published, such as his Beitrdége zur Geschichte der Chemie, which 
appeared between 1869 and 1875, and the Entwicklung der Chemie in 
der neueren Zeit, printed under the auspices of the Historical Com- 
mission of the Bavarian Academy in 1873, together with the two 
volumes on Die Alchemie in Glterer und neuerer Zeit, grew out of the 
materials he had gathered together. ‘“ But,” again to quote Hof- 
mann, “the better is here the enemy of the good. Kopp postponed 
the ‘vermehrte und verbesserte Aufiage’ year after year, in the hope 
of being able to make a fuller study of certain special periods. Who- 
ever is familiar with the mass of profoundly interesting matter he 
had accumulated, or who has had the opportunity of seeing the bulky 
note-books in which it was stored, must deeply lament that the 
hand which could alone arrange these treasures is now stiffened in 
death.” 

On the death of Berzelius, in 1848, the leaders of the Giessen 
school determined to carry on the work which had mainly occupied 
the closing years of the illustrious Swedish chemist. Berzelius’ 
Year Book had become a power in the chemical world, mainly on 
account of the authority wielded by the greatest chemical critic of 
his time. The Jahresbericht of Liebig and Kopp differed, however, 
fundamentally, both in plan and execution, from its Swedish proto- 
type. It was to be a review of the year’s progress, not only in 
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chemistry, but also in all those sciences which were associated with 
chemistry, or were, in any definite sense, ancillary~to it ; it was to be 
done impartially, and with no special reference to any set of dogmas 
or particular school of chemical thought. Practically the whole of 
the more active members of the scientific side of the Philosophical 
Faculty of the University were concerned inits production. To Kopp 
fell the greater share of the arrangement, and of the general editorial 
management ; in addition, he undertook the summaries relating to 
Theoretical, Physical, and Inorganic Chemistry. To Buff and Zam. 
miner were entrusted Pure Physics; to Heinrich Will, Organic Che- 
mistry; to Knapp, Technical Chemistry; to Ettling, Mineralogy; 
and to Dieffenbach, Chemical Geology. The first volume appeared 
towards the close of 1849, and consisted of a review of the work of 
1847 and 1848. Liebig continued to be associated with Kopp as 
editor for some years after his removal to Munich, but in 1857 his 
place was taken by Will, who acted as co-editor until 1862, when 
Kopp resigned his share in the responsible direction of the publica- 
tion just prior to his removal to Heidelberg. No chemist active in 
the prosecution of research needs to be reminded of the value of the 
Jahresbericht. It has undoubtedly exercised a most beneficent 
influence on the development of chemical science in Germany, and it 
has been of the greatest service to those chemists in this country to 
whom German is not an unknown tongue. The attempt was made to 
introduce the Jahresbericht to English readers by means of a transla- 
tion published under the direction of Hofmann and Warren De la Rue, 
but the good seed fell upon stony places, and after a year or two the 
enterprise was abandoned. Matters in 1849 were doubtless better 
with us than Liebig found them to be in 1837, when he told Berzelius 
that England was not the land of science, and that our chemists were 
ashamed to call themselves so because the apothecaries had appropriated 
the name.* Possibly the reason for the ill success of the venture is 
to be found in the fact that the Journals of this Society have, from 
the outset, taken note, in a more or less systematic way, of current 
chemical work in other countries. Be that as it may, there is prac- 
tically no longer room for the German publication in this country ; 


* “Tech bin einige Monate in England gewesen, habe ungeheuer viel gesehen und 
wenig gelernt. England ist nicht das Land der Wissenschaft, es existirt dorten nur 
ein weitgetriebener Dilettantismus, die Chemiker schimen sich Chemiker zu heissen, 
weil die Apotheker, welche verachtet sind, diesen Namen an sich gezogen haben. 
Mit dem Volke war ich ausserordentlich zufrieden, Zuvorkommenheit, Gastfrei- 
heit, kurz ich habe sonst an ihnen alle Tugenden gefunden. Graham macht auch 
in wissenschaftlicher Hinsicht die schiitzbarste Ausnahme, es ist ein vortrefilicher 
Menseh, auch Gregory, der an seine Stelle in Glasgow gekommen ist.”—Liebig to 
Berzelius, November 26, 1837. 
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since 1871 our Society has taken in hand an English Jahresbericht, 
and issues to its members monthly abstracts of all papers relating to, 
or bordering on, chemistry, in which, as regards fulness, comprehen- 
siveness, and promptitude of publication, we have striven to emulate 
the example, and possibly even bettered the instruction, of our dis- 
tinguished Foreign Member. 

In 1851 Kopp joined Liebig and Wohler in the production of the 
Annalen der Chemie und Pharmacie, and for many years he continued 
to take the responsible share in its management. His name as 
editor appears on the title-page of no fewer than 190 volumes of 
this famous periodical, which, under its present designation of Justus 
liebig’s Annalen der Ohemie, constitutes an abiding monument to 
the influence and power of its great progenitor. 

Kopp’s services to the literature of our science were, however, by 
no means confined to its journalism. Engrossing and arduous as his 
duties as an editor must have been, he yet found time to write the 
admirable Introduction to Crystallography, and to prepare the section 
on “ Theoretical Chemistry ” in that well-known text-book, Graham- 
Otto’s Lehrbuch der Chemie. These works enjoyed great popularity in 
Germany, and have exercised no inconsiderable influence on the 
education of the present generation of chemists in that country. 
The Introduction to Orystallography was indeed written specially for 
chemists with a view of interesting them in a study which is still too 
frequently neglected by them; and the ‘‘ Theoretical Chemistry ” proved 
of signal service in disseminating the doctrines which constituted 
the “new chemistry ” of 30 years ago. 

No record of Kopp’s literary activity would be complete without a 
reference to his occasional writings, some of which are among the 
most typical and most characteristic of his productions; as, for 
example, his Aus der Molecularwelt, written for Bunsen’s 70th 
birthday, and the Aurea catena Homeri, with which he greeted 
Wohler when fourscore years of age. In the Molecularwelt, Kopp’s 
delicate fancy and quaint humour are seen at their best; the 
book attracted considerable attention even beyond chemical circles, 
and rapidly ran through a number of editions. His lecture Sonst 
und Jetzt in der Chemie, which appeared in 1867, may still be read 
with interest as an historical account of the changes which have con- 
duced to the present development of chemical theory. His pen, 
indeed, in spite of frequent illness and waning strength, was busy to 
the last, and he closed a long half century of literary labour in pre- 
paring for Ostwald’s ‘“‘ Chemical Classics,” an annotated edition of 
Liebig and Wo6hler’s famous memoir on the radicle of benzoic acid— 
the memoir which, it will be remembered, Berzelius hailed as the 


dawn of a new day. 
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Kopp’s scientific papers relating to his experimental and critica] 
labours appeared mainly in Poggendorff’s Annalen and in the Annalen 
der Chemie und Pharmacie. Two or three of his early communica. 
tions were printed in the Philosophical Mggazine, and his elaborate 
memoir on the specific heat of compound substances, in which he 
sought to develop Neumann’s law, was published by the Royal 
Society. The following is a list of his papers :— 


“ Kinfache Construction eines Differential-Barometers.”” Pogg, 
Ann., 40, 1837, 62—66. 

“Ueber die Vorausbestimmung des specifischen Gewichts 
einiger Klassen chemischer Verbindungen.” Pogg. Ann., 47, 
1839, 133—152. 

“ Kiniges iiber Léslichkeit.” Annalen, 34, 1840, 260—271. 

“ Ueber das Volumenometer, ein Instrument zur Bestimmung 
des Volums fester oder fliissiger K6rper.” Annalen, 35, 1840, 
17—43. 

“Ueber die Cohision einiger Fliissigkeiten.” Annalen, 35, 
1840, 230—234. 

“Ueber die Zersetzung des Mercaptans mit Saltpetersiure.” 
Annalen, 35, 1840, 343—350. 

“Ueber Atomvolum, lIsomorphismus und = specifisches 
Gewicht.” Annalen, 36, 1840, 1—-32. 

“Ueber die Verhialtnisse zwischen Atomgewicht und speci- 
fischen Gewicht bei festen und fliissigen K6rpern.” <Annalen, 
40, 1841, 173—182. 

“Ungleiche Mischung von Metall-Legirungen in geschmolze- 
nem Zustande.” Annalen, 40, 1841, 184—186. 

“Dichtigkeit des Cadmiumamalgams.” Annalen, 40, 1841, 
186. 

“Ueber die Léslichkeit des Kochsalzes in wissrigem Wein- 
geist.” Annalen, 40, 1841, 206. 

“On the Atomic Volumeand Crystalline Condition of Bodies.” 
Phil. Mag., 18, 1841, 255—264. 

“Ueber die Volumtheorie.” Pogg. Ann., 52, 1841, 243—26l. 

“Ueber die Abhingigkeit der Krystallform von' Atomvolum 
und iiber die Aenderung derselben durch Erwarmung.” 
Pogg. Ann., 52, 1841, 262—267. 

‘‘Ueber das verschiedene Verhalten der verschiedenen Mis- 
chungen aus Alkohol und Wasser in Bezug auf Dichtigkeit.” 
Pogg. Ann., 53, 1841, 356—362. 

“Ueber Isomorphismus analoger Verbindungen ohne Iso- 
morphismus der entsprechenden Bestandtheile.” Pogg. Aux., 
53, 1841, 446—458, : 


“Bomerkungen iiber die Volumtheorie und L. Gmelin’s 
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Atomzahlentheorie.” Pogg. Ann., 54, 1841, 202—207. 

“ Recherches sur le. volume spécifique.” Annales de Chimie, 
4, 1842, 462—508. 

“Sur un volumenométre.” 
380—382. 

“ Sur un nouveau barométre raccourci portatif.” Annales de 
Chimie, 6, 1842, 383. 

“ Ueber die Vorausbestimmung einiger physikalischen Higen- 
schaften bei mebreren Reihen organischer Verbindungen.” 
Annalen, 41, 1842, 79—89, 169—189. 

“Notiz iiber einige chromsaure Salze.” 
96—103. 

“On a great Regularity in the Physical Properties of Analog- 
ous Organic Compounds.” Phil. Mag., 20, 1842, 187—197. 

““Ueber die Beriicksichtigung der Temperatur bei ver- 
gleichung der specifischen Volume.” Pogg. <Ann., 56, 
1842, 371—392. 

“Ueber das abgektirtze Barometer.” 
513—54l. 

“* Recherches sur les températures ot les volumes spécifiques 
des différentes substances sont comparables.” Annales de 
Chimie, 7, 1843, 389—401. 

“Ueber den Verbindung nach Volumen von Aether mit 
Wasser zu Alkohol.” Annalen, 46, 1843, 215—221. 

“Ueber den Zusammenhang zwischen der cbemischen Con- 
stitution und einigen physikalischen Ergenschaften bei 
fliissigen Verbindungen.” Annalen, 50, 1844, 17—144. 

“ Ueber Siedepuncts-Regelmassigkeiten und daraus abgeleitete 
Folgerungen, so wie tiber Theorie der specifischen Volume 
der Fliissigkeiten.” Pogg. Ann., 52, 1844, 283—316. 

“Uebersicht der Resultate einiger Arbeiten, welche Regel- 
missigkeiten in den specifische Gewichten und den Siede- 
puncten chemischer Verbindungen behandeln.” J. pr. Chem., 
34, 1845, 1—36. 

“ Ueber die Siedepuncte einiger isomerer Verbindungen, und 
iiber Siedepuncts-Regelmissigkeiten tiberhaupt.” Annulen, 
55, 1845, 166—200. 

“ Point d'ébullition des combinaisons organiques.” J. Pharm., 
9, 1846, 222—224. 

“ Berichtigung einer Angabe iiber chromsanres Zinkoxyd und 
Kupferoxyd.” Annalen, 57, 1846, 386—388. 

“ Bemerkungen zu Léwig’s Volum-theorie.” Pogg. Ann., 59, 
1846, 506—525. . 


Annales de Chimie, 6, 1842, 


Annalen, 42, 1842, 


Pogg. Ann., 56, 1842, 
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“Untersuchungen iiber das specifische Gewicht, die Ans. 
dehnung durch die Wirme und den’ Siedepunct einger 
Fliissigkeiten.” Pogg. Ann., 72, 1847, 1—-62, 176, 223—293, 

“Ueber das Atomgewicht des Siliciums und die atomistische 
Zusammensetzung der Kieselerde.” Annalen, 67, 1848 
356—359. 

“Ueber die specifische Warme einiger Fliissigkeiten.” Pogg, 
Ann., 75, 1848, 98—1v8. 

“Ueber Siedepuncts-Regelmassigkeiten und H. Schréder’s 
neueste Siedepuncts-Theorie.” Pogg. Ann., 81, 1850, 
374—402. 

“On the Relations between the Chemical Composition and the 
Boiling Points and Specific Volumes.” J. Chem. Soc., 3, 
1851, 104—105. 

“Ueber die Ausdehnung einiger fester Kérper durch die 
Warme.” Annalen, 81, 1852, 338—340. 

“Ueber die specifischen Volume fliissiger Verbindungen,” 
Annalen, 92, 1854, 1—32. 

“Ueber die Volumanderung einiger Substanzen beim Erwir- 
men und Schmelzen.” Annalen, 93, 1855, 129—232. 

“Ueber die Bildung von Krystallen mit Kernen.” Annalen, 
94, 1855, 118—125. 

“ Ueber die Abhangigkeit des Siedepuncts und des specifischen 
Volums fliissiger Verbindungen von der chemischen Zusam- 
mensetzung.” Amnnalen, 95, 1855, 121—126. 

“‘ Beitrage zur Stochiometrie der physikalischen Eigenschaften 
chemischer Verbindungen.” Annalen, 96, 1855, 1—36, 
153—185, 303—335 ; 100, 1856, 19—38. 

“Untersuchungen tiber das specifische Gewicht, die Aus- 
dehnung durch die Wirme und den Siedepunct einiger 
Fliissigkeiten.” 

“ Relations entre la composition chimique et le point d’ébulli- 
tion et la densité des combinaisons fluides.” Compt. rend., 
41, 1855, 186—190. 

“Mémoire sur les changements de volume qui accompagnent 
l’élévation de température et la fusion.” Annales de Chimie, 
47, 1856, 291—296. 

“Ueber die specifischen Volume stickstoffhaltiger Verbin- 
dungen.” Annalen, 97, 1856, 374—376. 

“Ueber die Siedepuncte entsprechender Brom- und Chlor- 
verbindungen und die Formeln der Silicium- und Titan- 
verbindungen.” <Annalen, 98, 1856, 265—272. 

“Sur quelques réguiarités dans les points d’ébullition des 
combinaisons organiques.” Annales de Chimie, 49, 1857, 
338—364. 
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“Recherches sur les volumes spécifiques des combinaisons 
liquides.” Annales de Chimie, 15, 1857, 458—486. 


53. ‘Sur lecalcul des densités de vapeur.” Compt. rend., 44, 1857, 


61. 


62. 


65. 


Compared with those of his great contemporaries Liebig and 


1347—1348. 

“Zar Erklirang ungewohnlicher Condensationen von Dimp- 
fen.” Annalen, 105, 1858, 390—394. 

“On the Relation between Boiling Point and Composition in 
Organic Compounds.” Roy. Soc. Proc., 10, 1859-60, 
463—467. 

“Krystallochemische Notizen.” Amnnalen, 125, 1863, 369 
—374. 

Ueber die specifische Warme starrer Kérper, und Folgerungen 
beziiglich der Zusammengesetztheit s.g. chemischer Ele- 
mente.” Annalen, 126, 1863, 362—373. 

“Zur Lehre von den specifischen Volumen fliissiger Verbin- 
dungen.” Annalen, 128, 1863, 193—200. 

“ Sur la chaleur spécifique des corps solides; déductions re- 
latives 4 la nature composée des corps considérés comme 
éléments.” Compt. rend., 56, 1863, 1251—1255. 

‘“* Considerazioni sulla differenza esistente fra la forza elastica 
del vapor acqueo e la forza elettromagnetica nella loro appli- 
cazione come motori Majocchi.” Ann. Fis. Chim., 20, 1845, 
201—207 ; Il Cimento, 3, 1845, 225—234. 

“Investigations on the Specific Heat of Solid and Liquid 
Bodies.” Roy. Soc. Proc., 13, 1864, 229—239. 

‘“‘Bemerkungen zur specifisches Gewicht des Benzols.” Ann. 
Chem. Pharm., 5 (Suppl. Bd.), 1867, 303—315. 

“Ueber die Siedepuncte der Kohlenwasserstoffe C,H2,_..” 
Ann. Chem. Pharm., 5 (Suppl. Bd.), 1867, 315—328. 

“Mémoire sur les volumes moléculaires des liquides.” Heidel- 


berg, 1886. 
“Ueber die Molecularvolume von Fliissigkeiten.” Annalen, 


250, 1889, 1. 


Wohler, the number of his scientific papers may seem small. But, 
in estimating Kopp’s industry and power of work as an investigator, 
the character of his experimental researches must be considered. 
The nature of the relations which he strove to elucidate often neces- 
sitated the determination of the physical constants of some scores of 
substances, many of which could only be prepared in a state of 
safficient purity by lengthy operations. Moreover, these innumer- 
able measurements were not only troublesome and tedious in them- 
selves, but they were followed, very frequently, by long and 
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wearisome calculations. The rich field of chemical physics will 
indeed only yield its fruit by patient and incessant tillage. 

Kopp occupies an almost unique position as an investigator. The 
one consistent purpose of his work was to establish a connection 
between the physical and chemical nature of substances ; to prove, in 
fact, that all physical constants are to be regarded as functions of the 
chemical nature of molecules. It is not implied, of course, that the 
conception of such an intradependence originated with him. Asa 
matter of fact, almost immediately after the publication of Dalton’s 
New System of Chemical Philosophy, in which the doctrine of 
atoms was revived to account for the fundamental facts of chemical 
union, the endeavour was made to connect the chemical attributes of 
a substance with one of its best defined physical constants, viz., its 
atomic mass. Prout’s hypothesis is, in reality, the generalised 
expression of such an attempt; it is an adumbration of Mende- 
léeff’s great discovery of the Law of Periodicity. But it may 
be justly claimed for Kopp that no one before him made any 
systematic effort to connect such of the physical qualities of sub- 
stances as admit of quantitative statement with the stochiometrical 
values of such bodies. The sporadic attempts made prior to 1840 
were practically fruitless on account of the imperfect nature of the 
physical data up to to that time extant. 

When Kopp began his inquiries, very few boiling points were 
known, even approximately; and he had, as a preliminary step, to 
ascertain the conditions under which such observations must be made 
in order that accurate and comparable results could be obtained. 
The thermal expansions of barely half a dozen liquids had been 
measured, and the very methods of making such measurements with 
precision had to be worked out. 

At the outset of his investigations, Kopp found the physical con- 
stants with which he was more immediately concerned very much as 
Berzelius found Dalton’s values of the relative weights of the atoms; 
at the close of his work, they were hardly less accurately known than 
were those stochiometric numbers to the ascertainment of which the 
great Swedish chemist had dedicated his life. 

It would be quite impossible within the limits of such an address as 
this to attempt to give an analysis of each of Kopp’s memoirs. I 
must, therefore, content myself with essaying to lay before you a 
generalised statement of the main outcome of his work, and of the 
development which it has received at the hands of his successors. 
Fortunately for the purpose of such a summary, Kopp’s more im- 
portant memoirs readily and naturally fall into comparatively few 
groups :—viz., (1) those concerning the relations between the specific 
gravities of substances and their molecular weights ; (2) those treat- 
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ing of the relations between boiling point and chemical composition ; 
and (3) the papers relating to the specific heats of solids and liquids. 
As regards the other papers, only the briefest notice is here possible. 

In the paper on Solubility (Annalen, 34, 260 (1840)), Kopp seeks 
to determine the behaviour of a solvent towards a mixture, in excess, 
of two soluble salts, or, in other words, to ascertain how far the 
solubility of one substance is affected by the presence of another 
when the conditions are such that chemical change is a priori impos- 
sible. Are the salts, he asks, dissolved in the ratios of their specific 
solubilities; or is the solubility of the one salt unaffected by the 
presence of the other; or can the aggregate amount of the dissolved 
saline matter be deduced from the specific solnbilities of the con- 
stituents? He finds, as regards the solubility of two salts possessing 
a common basic radicle, that they are never present in the saturated 
solution in the exact amount required by their specific solubilities. 
In the case of two salts containing an acid radicle in common, it 
was observed that the salt having the “stronger” base preserved its 
specific solubility, and that the other salt dissolved in the solution to 
an extent depending on its particular character, the quantity being 
sometimes greater and sometimes less than the calculated amount. 
He also shows how such determinations afford a method of recog- 
nising the existence of double salts in solution, but which, as in the 
well known case of carnallite, are more or less decomposed on crys- 
tallisation. Lastly, he points out how the temperature corresponding 
to the change of hydration, or some other condition, in a salt, either 
in the dissolved or undissolved portion, as, for example, in the case 
of sodium sulphate, may be deduced from the formule expressing the 
relation of solubility to temperature, where, as in that salt, we have 
to do with two solubility curves. 

This investigation is noteworthy as being the precursor of the 
extensive inquiries which we owe to Karsten, Hauer, Riidorff, and 
Engel. In the note on the Solubility of Common Salt in aqueous 
Alcohol of different strengths (Annalen, 40, 266), Kopp opens up a 
field of labour which, 20 years later, taxed the energies of Schiff and 
Gerardin. No general law as to the partition of a soluble substance 
between two solvents, or as to the action of a mixture of two 
mutually miscible liquids in one of which the substance is insoluble, 
has hitherto been traced. 

In the short paper on the Cohesion of Liquids (Annalen, 35, 230), 
he describes a simple method for the quantitative estimation of the 
resistance which liquids offer to rupture. The power which a liquid 
possesses of resisting any tendency to internal separation of its parts 
has hitherto received but scant attention from physicists, presum- 
ably on account of the experimental difficulty of the problem. It is, 


788 THORPE: KOPP MEMORIAL LECTURE. 


as shown by Donny, Osborne Reynolds, and* Worthington, mor 
considerable than we are apt to imagine, and is indeed comparable 
with that of solids. It would be interesting to submit Kopp’s 
method to a careful experimental criticism, for it is so easy of execn. 
tion that, if found accurate, valuable data could rapidly be accumn- 
lated by its aid. 

In the paper “ Ueber die Bildung von Krystallen mit Kernen” 
(Annalen, 94, 118 (1855)), Kopp describes a characteristically in- 
genious method of throwing light upon the mode in which natural 
crystals are made to enclose foreign substances, as in the case of 
fluorspar, which frequently surrounds cubes of iron pyrites, and 
where, too, as is obvious from the nature of the cleavage, no very 
firm adhesion exists between the substances. The plan consisted in 
coating the crystal to be enclosed with a thin film of coloured col- 
lodion and then placing it in a solution of the salt which was to 
surround it. In spite of Kopp’s interest in chemical crystallography, 
which under his direction became a most fascinating study, he only 
published a couple of notes on the subject; in the first he treats of 
the pleomorphism of magnesium sulphate, and in the second he 
discusses the bearing of analogous atomic composition on crystalline 
form (Annalen, 125, 369 (1863)). 

In nothing was Kopp’s originality or ingenuity more strikingly 
manifested than in the construction of his apparatus. To a great 
extent he was his own instrument maker, and his materials were, for 
the most part, glass and cork. But no Japanese worker, with his 
few and primitive tools, ever produced results which, in point of 
delicacy, finish and accuracy, surpassed those which Kopp obtained 
by means of simple contrivances. It is told of Wollaston that when 
a distinguished foreigner called to see his laboratory, he had his 
chemical utensils brought in on a tray. “This,” said he, “is all the 
laboratory I possess.” I will venture to say that the whole of the 
apparatus which Kopp employed in the course of his researches on 
physical chemistry could be put on a very much smaller tray than 
must have been needed to hold the furniture of Wollaston’s labora- 
tory. 

Kopp’s first contribution to the literature of science consisted of an 
account in Poygendorff’s Annalen, done when he was a student at 
Marburg, of a differential barometer which he had constructed (Pogg. 
Ann., 40, 62 (1837)). His volumenometer (Annalen, 35, 17 (184v)) 
is an improvement on the stereometers of Say, Leslie, and W. H. 
Miller, not so much in simplicity of construction or of use, as in the 
greater convenience of its form, and in the more accurate results 
it is capable of affording. It may be readily made with materials 
ordinarily found in laboraturies, and is especially useful for the 
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determination of the specific gravities of such substances as sugar, 
starch, silk, cotton, wool, flax, &c. 

His ingenuity is further seen in his method (Annalen, 81, 1 (1852)) 
of determining the thermal expansion of substances which, like 
sulphur, galena, zinc blende, fluorspar, &c., can only be obtained in 
irregular fragments and frequently of no great size. Much of our 
knowledge respecting the thermal expansion of minerals is in fact 
based on Kopp’s work. 

Closely related to this memoir is that on the change of volume 
which substances experience in passing from the solid to the liquid 
state (Annalen, 94, 129 (1855)). With the exception of the work of 
Réaumur, in 1726, which was only qualitative in character, practi- 
cally nothing was known on this subject prior to Kopp’s investiga- 
tion. By means of an apparatus which is simplicity itself and which 
could be put together in a few moments, Kopp determined the 
relation of the volume, when solid to that when liquid, of a large 
number of substances, such as ice, phosphorus, sulphur, stearic acid, 
calcium chloride, sodium thiosulphate, &c. The value of the appa- 
ratus lay, however, not so much in its simplicity as in the skilful work 
put into it, and in the exactitude of the results which came out of it. 
Although subsequent workers have had occasion to repeat Kopp’s 
observations by other and far more elaborate apparatus, as, for 
example, that of Pettersson, the substantial accuracy of his observa- 
tions has not been challenged. The main conclusions which may be 
drawn from his work are now the common property of the text- 
books.. As a rule, the expansion coefficient of a solid substance 
increases very rapidly in the neighbourhood of the melting point, 
the most striking exceptions being phosphorus and ice. The increase 
in volume which a substance experiences in passing from the solid to 
the liquid condition depends, for the most part, on this rapid increase 
in the expansion coefficient and on the sudden expansion at the 
moment of melting. In some substances, like phosphorus, the 
change in the expansion coefficient is small, but the increase due to 
liquefaction is comparatively great; in wax, on the other hand,' the 
increase. in volume is mainly due to the change in the coeffi- 
cient of expansion. Kopp was particularly attracted by the extra- 
ordinary behaviour of Rose’s fusible metal, which. had already been 
the subject of a careful examination by Erman in 1827. This alloy 
—a mixture of 2 parts of bismuth, 1 part of lead, and 1 part of tin— 
expands on warming from 0° to 59° in the ratio of 1 to 1:0027, but on 
farther heating contracts, until at 82° it occupies the same volume as 
at 0°; it continues to contract until 95°, when its relative volume is 
09947; it melts between 95° and 98°, when its volume suddenly 
becomes 10101. The nature of alloys had always a special interest 
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for Kopp, and two of his shorter papers (“ Ungleiche Mischung yon 
Metall-Legirungen, &c., Annalen, 40, 184 (1841), and “ Dichtigkeit 
des Cadmium-Amalgams,” Annalen, 40, 186 (1841) had reference to 
this subject. 

Kopp, as an investigator, will be mainly known hereafter by his 
attempts to connect the physical constants of substances with their 
molecular weights and chemical composition. The greater number of 
his memoirs indeed are concerned with these relations. As already 
stated, his earliest paper on the subject was the dissertation he pre. 
sented for his doctorate to the Philosophical Faculty of the Univer. 
sity of Marburg. 

I shall first treat of his work on the specific heats of bodies; then 
of his attempts to connect the boiling points of liquids with their 
chemical nature; and, lastly, with his long-continued efforts to 
trace the relations between the volumes and molecular weights of 
substances. 

In 1818 Dulong and Petit found that when the atomic weights of 
the elements are multiplied by their respective specific heats approxi- 
mately the same number is obtained. This fact was subsequently 
embodied by them in the statement that: “The atoms of all simple. 
bodies have exactly the same capacity for heat.” In 1831 this 
generalisation was extended by Neumann (Pogg. Ann., 23, 1) so as 
to include compounds, and what is now known as Neumann’s law 
was thus expressed by its discoverer: “In bodies of analogous 
chemical composition the specific heats are inversely as the stochio- 
metrical quantities, or, what is the same, stochiometrical quantities 
of bodies of analogous chemical composition have the same capacity 
for heat.” 

Subsequent observers, among whom may be named Avogadro, 
Hermann, and especially Regnault, Person, and Pape, added greatly 
to the experimental material on which the validity of Neumann’s law 
is founded. The whole question was, however, reopened by Kopp in 
1864. By means of a simple modification of the method of 
mixtures, Kopp determined the specific heats of a large number of 
substances, for the most part compound in their nature. He 
concluded that each solid substance, at a sufficient distance from 
its melting point, has a specific heat which may vary somewhat with 
physical conditions (temperature, greater or less density, amorphous 
or crystalline nature, &c.); but the variations are never so great as 
must be the case if a variation in the specific heat of a substance is 
to be held as a reason for explaining why the determinations of the 
specific heats of solid elements do not even approximately obey 
Dulong and Petit’s law, nor those of solid compounds of analogous 
chemical constitution Neumann’s law. Neither law is universally 
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yalid, although Kopp found that Neumann’s law applies in the case 
of many compounds of analogous composition to which, on account 
of their totally different chemical deportment, different formule are 
assigned ; and even in cases in which these laws have hitherto been 
considered as essentially true the divergences from them are material. 
Bach element has the same specific heat in its solid free state as in 
its solid compounds. From the specific heats to be assigned to the 
elements, either directly from experimental determination, or indi- 
rectly by calculation on the basis of the law just stated, the specific 
heats of their compounds may be calculated. 

Kopp concludes his memoir with certain suggestive considerations 
as to the nature of the chemical elements. What substances, he asks, 
are to be regarded as chemical elements? Does the mere fact that 
they are non-decomposable determine this ? Or maya body be non- 
decomposable in point of fact, and yet from reasons of analogy be 
regarded not as an element but as a compound? He reminds us 
that the history of chemistry furnishes numerous examples of cases 
in which sometimes one and sometimes another mode of view led to 
results which at present are regarded as accurate. The earths were 
non-decomposable in point of fact in 1789, when Lavoisier expressed 
the opinion that they were compounds, oxides of unknown metals. 
lavoisier’s argument was based on the fact that the earths enter as 
bases into salts, and that it was to be assumed in regard to all 
salts, that they contained an oxygen acid and an oxygen base. But 
the view, founded on the same basis, that common salt contains 
oxygen, and the subsequent view that what is now called chlorine 
contained a further quantity of oxygen besides the elements of an 
oxygen acid, did not find an equally permanent recognition. On the 
basis of the actual non-decomposability of chlorine, Davy, about 1810, 
maintained its elementary character; and this view became general 
when Berzelius adopted it, more, Kopp thinks, because he was out- 
voted than because he was convinced. 

It cannot be maintained tbat the bodies which chemists regard as 
elements are absolutely simple substances. How far a body is to be 
regarded as an element is so far relative that it depends on the 
development of the means of decomposition which practical chemistry 
has at its disposal, and on the trustworthiness of the conclusions 
which theoretical chemistry can deduce. A discussion as to whether 
chlorine or iodine is an elementary substance can be taken only in 
the sense whether chlorine is as simple a body as oxygen or man- 
ganese, or nitrogen ; or whether it is a compound body, as peroxide of 
manganese or peroxide of hydrogen, for example. 

If Dulong and Petit’s law were universally valid, it could be used 
as a test for the elementary nature of a substance whose atomic 
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weight was known. That iodine, from a direct determination, and 
chlorine, by an indirect determination of specific heat, had atomic 
heats agreeing with Dulong and Petit’s law would be a proof that 
iodine and chlorine, if compounds at all, are not more so than other 
so-called elements for which this law is regarded as valid. 

According to Neumann’s law, compounds of analogous molecular 
composition have approximately equal molecular heats. In general, 
compounds whose molecule consists of a large number of undecom. 
posable atoms, or is of more complex constitution, have greater 
molecular heats; especially in those compounds all of whose elements 
follow Dulong and Petit’s law, is the magnitude of the molecular 
heat a measure of the complexity. If Dulong and Petit’s law were 
universally valid, it might be concluded with great certainty that 
the so-called elements, if they are really compounds of unknown 
simple substances, are compounds of the same order. If we start 
from the elements at present assumed in chemistry, we must rather 
admit that the magnitude of the molecular heat of a body depends 
not only on the number of elementary atoms contained in one mole- 
cule of it, or on the complexity of its composition, but also on the 
atomic heat of the elementary atoms entering into its composition. 
It is possible that a decomposable body may have the same atomic 
heat as a non-decomposable one. 

In a very great number of compounds the molecular heat gives 
more or less accurately a measure of the complexity of their com- 
position, and this is also the case with thuse compounds which, from 
their chemical deportment, are comparable with the undecomposed 
bodies. 

If ammonium or cyanogen had not been decomposed, or could not 
be so by the chemical means at present available, the greater mole- 
cular heats of their compounds, compared with those of analogous 
chlorine or potassium compounds, and the greater molecular heats of 
ammonium and cyanogen obtained by indirect determination, as com- 
pared with those of potassium and chlorine, would indicate the 
compound nature of these so-called compound radicles. The conclu- 
sion appears legitimate that, for the so-called elements, the directly 
or indirectly determined atomic heats are a measure of the com- 
plexity of their composition (Phil. Trans., 1865, 155). 

These conclusions are, it should be stated, largely based upon the 
fact of the abnormally low atomic heats of bodies of low atomic 
weight, such as carbon, silicon, boron, glucinum, &c., when taken at 
comparatively low temperatures. Kopp would regard bodies of low 
atomic weight as of a low order of complexity. But since it has 
been recognised that the specific heat of such bodies is very largely 
affected by temperature, and in such manner that their atomic heats 
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and st high temperatures more and more closely approximate to the value 
Omi¢ required by Dulong and Petit’s law, the force of Kopp’s argument is 
that materially weakened. 

ther In 1841, Kopp, from observations on methyl and ethyl dusvabbonts 


drew attention to the fact that in many analogous chemical com- 


ular unds the same difference in composition frequently occasions the 
Tal, same difference in boiling point (Annalen, 41, 87, et seq.). He also 
wet pointed out that in many other similar compounds, mostly alcohols, 
iter acids, and esters of the fatty series, a difference of zCH, appa- 
nts rently corresponds to a difference of about 219° in the boiling 
lar point; that an acid boils 40° higher than the corresponding alcohol ; 
ere and that an ester boils 82° lower than the isomeric acid. On com- 
lat paring analogous compounds differing only in the number of C atoms, 
vn he further concluded that the boiling point of the compound having 
urt zC atoms more than the other was z x 29° higher, and that a com- 
er pound having #H atoms more than the other boiled 2 x 5° lower. 
ds He subsequently found that this difference of 19°, corresponding to 
e- an increment of CH,, is not observed in all homologous series. Thus, 
1e in the benzene hydrocarbons «CH, = 224°; in the fatty ketones and 
D. aldehydes it is 22°; in the alkyl chlorides it is 31°; and in the fatty 
c anhydrides it is 12°5°. Isomeric compounds of the same type and of 


the same chemical character have the same boiling point; if of the 
same type but of different character, or if of different type, their 
boiling points are different. Hence Kupp concluded that the boiling 
point of a liquid was a function partly of molecular weight and 
partly of chemical constitution. The influence of molecular weight, 
alone, may be studied by comparing bodies of strictly analogous con- 
stitution, e.g., the normal fatty acids. If Kopp’s main contention is 
valid, the relations should hold good at other temperatures than that 
of the boiling point under atmospheric pressure, aud by observations 
on the vapour pressures of the normal fatty acids, Landolt concluded 
that such was the case. 

Further and more accurate observations showed, however, that 
Kopp’s original propositions must be materially modified. Wanklyn 
found that the increment for CH, in an homologous series became 
less and less as the series was ascended. Schorlemmer (Phil. T'rans., 
172, 123 (1872)) observed that in the homologues of marsh gas, the 
difference corresponding to CH, appears to become steadily less by 
4° until it reaches the value 19°. Linnemann (Annalen, 162, 39), 
by means of his well-known fractionating apparatus, determined with 
great accuracy a number of boiling points of members of correlated 
groups of fatty compounds, from which he concluded that equal 
differences in chemical composition do not give rise to equal differ- 
ences in boiling point, but that the differences diminish, at least in 
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the lower members of the greater number of the series, as the series 
isascended. Series, however, are known, as for example the alcohols, 
in which the differences for CH, are approximately constant ; in some 
too, the differences increase as the series is ascended. Schumann, in 
1881, studied the vapour pressures of esters of the fatty acids, from 
which he deduced conclusions in harmony with those of Landolt on 
the fatty acids in so far as they showed that the relations obtained 
were independent within certain limits of the magnitude of the 
pressure. Atthe same time, the relations themselves lent no support 
to Kopp’s general conclusions. 

The observations on boiling points which have accumulated since 
the time of Linnemann have confirmed the conclusions put forward 
by him. In homologous series the boiling point differences may 
either increase or decrease, or may vary irregularly as the series is 
ascended. Although-in all caxes it is not yet possible to assign 
causes for the apparent irregularities, these may to some extent be 
explained by considerations recently advanced by Dobriner and 
extended by Lossen. 

It is possible to regard any three consecutive homologues contain. 
ing carbon, hydrogen, and oxygen as methyl, ethyl, and propyl com- 
pounds. For example, the first three members of the series of normal 
fatty alcohols may be written : 


MeOH, 
EtOH, 
PrOH. 


Formulating the compounds in this way, Dobriner would term 
them a triad of oxygen compounds of the alkyls, for in each case the 
alkyl group is linked to oxygen. If, however, ethyl alcohol be taken 
as the initial member of the triad, the formule of ethyl, propyl, and 
butyl alcohols would be 


MeCH,OH, 
EtCH,OH, 
PrCH,08H, 


and as here the methyl, ethyl, and propyl groups are linked to 
carbon, the triad would be spoken of as one of “ carbon compounds ” 
of the alkyls. Calling the difference between the boiling points of 
the methyl and ethyl compounds of any triad the “first boiling 
point difference,” and that between the boiling points of the ethyl 
and propyl compounds the “second boiling point” difference, 
Dobriner deduced the following two rules :—In any triad of oxygen 
compounds the first difference is less than the second. In any triad 
of carbon compounds the first difference is greater than the second. 
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These conclusions are in harmony with the exceptions to regularity 
frequently observed in the lowest members of homologous series, and 
the general applicability of the rules has been tested by Lossen.: 
Lossen finds that, so far as trustworthy data go, triads of oxygen com- 
pounds almost invariably conform to the rule; in the case of carbon 
compounds, however, althongh in most cases Dobriner’s rule is 
obeyed, there are exceptions, notably in the case of the alcohols, 
where the boiling points have been often and carefully determined. 

In triads containing the alkyl groups linked to sulphur, nitrogen, 
the halogens, and the metals, Lossen finds that in sume cases the first 
difference is less, while in others it is greater, than the second 
difference. 

As regards the boiling points of isomers, subsequent work has 
proved that in no case are the boiling points identical. 

In 1868 Hinrichs stated that the more symmetrical the formula 
of an isomeric molecule is, the lower is the boiling point. Nau- 
mann extended this idea, and in 1874 put forward for paraffin deri- 
vatives the only rules which are capable of anything like general 
application. His conclusions are that :—The more nearly the group- 
ing of the atoms in an isomeric molecule deviates from the rectilinear 
or chain type, and approaches the spherical type, the lower is the boil- 
ing point. In metameric bodies of similar chemical character and 
otherwise corresponding structure containing carbon, hydrogen, and 
oxygen, the more nearly the oxygen atom stands to the middle of the 
chain of atoms the lower is the boiling point. These two rules, applied 
singly or in conjunction, accord with the great majority of the facts. 
There are exceptions, however, among which some of the esters care- 
fully examined by Gartenmeister may be noticed. 

For isomers of aromatic series practically no generalisations have as 
yet been established. 

Several attempts have been made to deduce formule whereby 
boiling points may be calculated. In the case of homologues, expres- 
sions such as those of Goldstein, Mills, and Hinrichs are no doubt 
successful in reproducing the observations for the particular series to 
which the formule refer, but they do not afford a basis for calculat- 
ing boiling points in general. 

Before entering upon an examination of Kopp’s memoirs on specific 
volume, it may be interesting to give a brief history of the attempts 
made prior to his time to trace relations between chemical combina- 
tion and the equivalent volumes of solid and liquid substances.* 


* Objection has been raised to the term “specific volume” on the ground that 
as specific gravity is the weight of unit volume, specific volume should, by analogy, 
be the volume of unit weight—the reciprocal of specific gravity, and not the pro- 
duct of this reciprocal and molecular weight. Henve, of late years, the term 
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These attempts may be said to have grown out of Gay Lussac’s 
memorable discovery in 1808, that gaseous bodies combine together 
in simple volumetric proportions. The first endeavour to apply 
similar considerations to solids and liquids was made in 182] by “Ie 
Royer, Pharmacien, and J. A. Dumas, son éléve,” the latter of whom 
is none other than our eminent Foreign Fellow, and the first of our 
Faraday Lecturers, the late perpetual Secretary of the French 
Academy. In their paper in the Journal de Physique, 92, 408, Le 
Royer and Dumas attempted to determine the equivalent volumes of 
the elements by dividing their atomic weights by their respective 
specific gravities, the values so obtained being termed by them atomic 
volumes. They were led to conclude that these volumes formed an 
arithmetical series, a supposition which, it must be admitted, was 
hardly warranted by the facts then known, and which has since been 
completely disproved by more accurate observation. This idea of 
combination among solids in definite volumetric proportion was 
further developed in 1824 by W. Herapath in a paper read before the 
Bristol Society of Inquirers (Phil. Mag., Nov., 1824), in which it was 
sought to prove that the volume of the oxygen in a metallic oxide 
bears a simple ratio to that of the metal with which it is combined. 
Almost simultaneously the same problem was attacked by Karsten 
(Schweigg. Journal, 65, 394), and subsequently, in 1830, by Boullay, 
but with no definite theoretical result. Ammermiiller, however, in 
1840, was led to conclude (Pogg. Ann., 49, 341; id., 50, 406) that 
the specific volumes of compounds containing the same elements in 
different proportions are either identical or stand to one another in 
rational proportions. Persoz, in his Introduction to the Study of 
Molecular Chemistry, recognised that equivalent amounts of many 
bodies of analogous composition occupy the same volume, and he 


“ molecular” volume has been more generally preferred. It is, however, question- 
able whether the change is worth making, in view of the confusion which is almost 
certain to occur from the varying sense in which the term will be used by physicists 
and chemists. The real molecular volume is obviously the mass of a molecule 
divided by its density. Although such values are not yet known with any degree 
of precision, it can hardly be doubted that we are within measurable distance of this 
knowledge. The term specific volume is certainly not free from objection, but 
inasmuch as it has acquired, by definition, a distinctive meaning, no difficulty need 
be apprehended from its continued use. 

Specific gravity referred to water at 4 is the weight in grams of the unit volume. 
If, then, the molecular weight be expressed in grams, we may define specific 
volume as the number of cubic centimetres occupied by this weight. The 
molecular weights here used refer to the gaseous state: tlie objection which has 
been urged against the employment of such weights has, however, lost much of its 
force now that the conception of the continuity of the gaseous and liquid states is 
generally accepted. 
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inferred that the specific volumes of all substances are multiples of 
one and the same number, a conclusion also drawn by Le Royer and 
Dumas, but which is not supported by facts. 

Kopp’s first memoir on the subject of specific volume appeared in 
Poggendorff’s Annalen for 1839 under the title “Ueber die Vor- 
ausbestimmung des specifischen Gewichts einiger Klassen chemischer 
Verbindungen ” (Pogg. Ann., 47, 133). Inthis paper he discusses the 
specific gravities of a number of compounds of metals and non-metals, 
and by means of certain assumptions, he deduces general formule 
from which he is able to calculate the specific gravities of certain 
oxides and haloid salts with results which show, in general, a fair 
agreement with the observed values. In the same manner he calcu- 
lates formule for other anhydrous salts, such as sulphates, carbonates, 
and nitrates, on the supposition that such salts consist of combina- 
tions of oxides and acids, or that they are made up of a radicle, acid, 
plus oxygen. By means of these formule he infers that it is possible 
to draw conclusions concerning the specific gravity of metals for 
which this constant is unknown. Kopp here uses the term specific 
volume for the first time, and he defines it as the molecular weight 
(Mischungsgewicht) of a body divided by its specific gravity. He 
finds that the specific volumes of similarly reactive elements, as, 
for example, chlorine, bromine, and iodine; tungsten, molybdenum, 
chromium, iron, manganese, nickel, cobalt, &c., are respectively equal 
or nearly equal. In other cases, as silver and gold, potassium and 
sodium, the specific volumes stand to each other in simple relations. 
Elements which, like barium and strontium, form isomorphous com- 
pounds show identity in specific volume, and Kopp sees in this fact an 
argument for the validity of the theory of hydrogen-acids; for, if we 
conceive that baryta replaces the strontia in an isomorphous stron- 
tium salt, it follows that the baryta will occupy a wholly different 
volume from the strontia ; whereas, if barium replaces strontium in 
equivalent proportions, then since each element occupies practically 
the same volume, there is no a priori reason for any sensible change 
in crystalline form, which is in accordance with observation. 

The conception of specific volume is still further expanded in a 
lecture given by Kopp to the Chemical Section of the ‘‘ Naturforscher 
Versammlung ”—the equivalent of our British Association for the Ad- 
vancement of Science—at Erlangen, in 1840 (Annalen, 36, 1 (1840)). 
He first attempts to prove that the specific weight of isomorphous 
substances is proportional to their atomic weight ; or that isomorphous 
bodies possess the same atomic volume. Strictly speaking, this law can 
hold only for those substances which are perfectly isomorphous. The 
bodies termed isomorphoas are, in general, only approximately so, for 
we-find the angles of their crystals deviating several degrees from 


798 THORPE: KOPP MEMORIAL LECTURE, 


one another; and the relations between the axes of bodies thus de: 
nominated isomorphous are not perfectly equal. The more nearly the 


crystalline forms of isomorphous substances are identical, the more 
nearly will their atomic volumes be the same. This is made evident 
by a comparison of the axial ratios of witherite, strontianite, arrg. 
gonite, and cerussite ; and also of the carbonates of zinc and magne. 
sium, mesitene, the carbonates of iron and manganese, and dolomite 
and calespar. It is seen that there is‘a direct comparison in the case 
of the latter compounds between the length of the principal axis a and 
the atomic volume V, such that a*™® = 0°0127671V, from which it is 
possible, of course, to deduce the specific gravity of the substance from 
its crystalline form. It also follows that an increase of atomic volume 
is occasiuned by an increase in the length of the axis a. If, we heat 
one of these crystals, the density decreases, the axis a must therefore 
increase in length, whilst the angle R becomes less obtuse. This fact, 
indeed, was discovered by Mitscherlich, who found that the specific 


. : , 1 
gravity of calespar decreased in the ratio of 1 to T-001961 0” being 


heated through 100°. The specific gravity of calespar is 2°7220, 
when a = 0°8544 and R = 105° 5’. By heating it through 100° 
the sp. gr. becomes 2°7167, or its atomic volume changes from 
36°73 to 36°80. If we determine the length of the axis a by means 
of the above formula, we find it 0°85672, corresponding to an angle R 
of 104° 57’, or a difference of 8’, which closely agrees with that 
actually observed by Mitscherlich (Phil. Mag. [3], 18, 255). 

Kopp’s memoir, which gave to the specific gravity of a solid and 
liquid substance a new and important significance, attracted much 
attention and occasioned no little controversy. Schréder (Pogg. Ann. 
553 (1840)), starting from the observation of Ammermiiller, that 
equal volumes of the two oxides of copper contain the same amounts 
of copper and multiple amounts of oxygen, assumed that the volume 
of the copper, as of the oxygen, is equal in the two substances, but that 
the amount of the oxygen in the cuprous oxide stands to that in the 
cupric oxide as 1 to 2. Hence Schréder drew the general conclusion 
that the same element can have different specific volumes in different 
compounds, but that the several values for the specific volumes stand 
in simple relations to each other. He saw in this hypothesis not 
only an explanation of the condensation which accompanies chemical 
union, but also a rational basis for the belief that the volume of 4 
compound is equal to the sum of the volumes of its components. 

Schréder’s ideas, to begin with, had something in common with 
those of Kopp, but they underwent frequent modifications during the 
next 30 years. The characteristic manner in which the two philo- 
sophers presented their views was thus sketched by Berzelius:— 
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“Schréder is invariably of opinion that he has discovered what is 
right: to his thinking, the proofs he cites are evident ; he is always 
convinced and insists that his reader is equallyso . . . Kopp, 
on the other hand, draws attention not only to that which supports 
4 statement but also to that which is adverse to it . . . He 
arches for truth, but he indicates, without reserve, what he provi- 
sionally regards as only probable.”—(Quoted by Ostwald, Stéchio- 
netrie, p. 620.) 

Kopp’s conceptions on the subject at this time took more formal 
shape in the small book he published in 1841, at Frankfort, On the 
Specific Gravity of Chemical Compounds. A summary of this work 
appeared in the Phil. Mag. for 1842, from which the following abstract 
is made :—Kopp points out that Schréder’s contentions are weakened 
by the great number of arbitrary assumptions on which they are 
based. Schréder, in fact, would seem to forget that the probability of 
a theory becomes less in proportion as the number of assumptions on 
which it is founded becomes greater. Kopp believed that the state 
of knowledge at that time did not enable a perfect and consistent 
theory to be framed ; all he asserted was, that one may be proposed 
of which a measure of its probability may be inferred from the fact 
that it explains the greatest number of experimental facts by the 
fewest possible assumptions. The atomic volume of a compound is 
seldom equal to the sum of the atomic volumes of its elements, that 
is, the “ primitive atomic volumes ” calculated from the specific gravity 
of the elements in the isolated state. If the atomic volume of a 
compound is greater than the primitive atomic volumes of either of 
its components, it is impossible, a priort, to say whether one or 
both of the elements are contained in it with an atomic volume dif- 
ferent from the primitive value; but it is certain that one element 
inacompound does not possess its primitive atomic volume if the 
atomic volume of the compound is smaller than the primitive atomic 
volume of that element. It is not as yet possible to state for every 
compound which element enters into it with its primitive atomic 
volume, or whether both acquire different ones. It is only possible 
to infer this with any degree of probability in the case of analogous 
compounds which have one element in common. 

Schréder found that if ina series of analogous bodies, AO, BO, CO, 
of which the specific volames are known, we subtract from these 
values the primitive atomic volumes of A, B, and C respectively, we 
obtain a constant remainder. This he found to be the case with the 
oxides of lead, cadmium, and zinc, aud hence he inferred that the 
metal in these oxides retains its primitive atomic volume. Kopp 
assumes that this is equally true of the salts of the heavy metals, 
but with the salts of the metals of the alkalis and alkaline earths, this 
VOL. LXi11. 31 
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is impossible, as the specific volumes of the salts are, as a rule, smaller 
than the primitive atomic volumes of the component metals, He 
has consequently to assume for these metals a specific atomic volume 
which however remains the same in all the salts. He determing 
these values as follows :—Suppose M + R to be a compound of q 
heavy metal, m + R the analogous compound of a light one ; Suppose 
A to be the known specific volame of M + R, and a that of m + R, 
B the primitive atomic volume of M, and b that of m. 


Then, M+ R= A, 
and M = B. 


Therefore the atomic volume with which R is contained in the com. 
pound is A — B, say 2. 
It is assumed that R retains its value in m + R, 


and since m + R = a, 
and R=2a; 


therefore atomic volume of m (or 4) =a— 2. The specific volume 
of CO, in the carbonates is assumed to be 24°2, whence we have— 


Mol. vol. cale. Sp. gr. cale. Sp. gr. obs. 
6°30 6°43 to 6°47 
4°52 4°42 ,, 4°49 
3°70 3°83 ,, 3°87 
3°61 3°55 ,, 3°59 
6°15 6:08 

ZnCO, ‘ 3°72 4°34 to 4°45 


With the exception of ZnCO,, the observed and calculated specific 


gravities are fairly concordant. 
By means of the values for the alkalis and alkaline earths, obtained 


as described, Kopp deduces the following specific volumes and 
specific gravities :— 


Mol. vol. cale. Sp. gr. cale. Sp. gr. obs. 
4°19 4°24 to 4:30 
2°96 2°70 ,, 300 
2°25 2°26 
2°75 2°61 
2°36 2°47 
3°56 3°60 to 3°62 
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Mol. vol. cale. Sp. gr. cale. Sp. gr. obs. 
4°40 4°40 
4°36 4°36 
1°74 «21°74 
3°20 3°19 
2°14 2°10 
2°19 2°19 
2°84 2°89 
In certain of the sulphates, the value of the group SO, appears to 
be 37°8. 


In other sulphates, however, the group SO, appears to have the 
value 29°8. 


In the chromates, CrO, = 36°5 ; and in the tungstates, WO, = 39°0. 
Cale. sp. gr. Sp. gr. obs. 
5°95 
2°64 
8:00 
7°10 
6°04 


Cl, like SOQ,, appears to have two distinct values, viz., 15°7 and 


198, 
Sp. gr. obs. 


5°68 
550 
3°86 
2:26 
1:45 
2:27 
1:94 
ee Sisk eis; 3°68 
Oe a a 6:99 
ee cies @ 5:14 


SrCh..cescceseee 2 as . 
I 
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The .density of many oxides may be calculated on the assumption 
that the specific volume of O = 5:1. 


‘The agreement, with the exception of the cases of MnO, Sz . 
MoO,, and PbO,, is fairly good. 

In other oxides, O = 2°55, and in a third group 10-2, all the values, 
it will be observed, being multiples of a common number. 


The specific gravity of a large number of the sulphides. may, in like 
manner, be calculated, with a similar degree of approximation to the 
observed values, by assuming that sulphur, like its analogue, oxygen, 
has three values, viz., 8°5, 15°0, and 17°6. 

Kopp also showed that the densities of the hydrated oxides, and of a 
number of hydrated salts, may be calculated with considerable accu- 
racy by assuming certain definite values for water in a state of com- 
bination. lt ought to be stated, however, in this connection, that 


~ 


mption 
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sibseqnent researches have indicated that Kopp’s conclusions respect- 
ing the specific volume of water of crystallisation must be slightly 
nodi6ed. Schiff, many years ago, showed that the members of 
certain classes of hydrated salts have practically the same specific 
yolame. Thus, all the alums have a specific volume of about 277; 
duuble sulphates of the form M,M"(SQ,).,6H,O have a common volume 
of 207; and all the vitriols, that is, salts of the form M’SO,,7H,0, 
whether isomorphous or not, have the specific volume 146. 

Lord Playfair sought, many years ago, to determine the precise 
relation of the specific volume of a salt to its degree of hydration. This 
work, the natural sequence of the memorable investigations which we 
owe to Playfair and Joule, was first made known through the medium 
of a paper communicated to this Society by your lecturer and Mr. 
John I. Watts (“‘ On the Specific Volume of Water of Crystallisation,” 
Trans., 3'7, 102 (1880)). On learning that we were engaged on this 
question, Lord Playfair placed the very ample notes of the investiga- 
tion which he was not able to complete, at our disposal, and although, 
at his suggestion, we went over the whole of the ground again, much 
of the experimental matter of our communication was based upon his 
previous observations. The main result of the enquiry was to show 
that the volume occupied by the several molecules of water varies 
with the degree of hydration of the salt. In the case of the so-called 
magnesian sulphates, the first molecule of water, the constitutional 
water, or “ water of halhydration,” of Graham, occupies considerably 
less bulk than the remaining molecules; its mean relative value is 
107. Each additional molecule appears to occupy a gradually in- 
creasing volume. The difference between the monohydrate and 
dihydrate is 13:3; between the dihydrate and trihydrate it is 14°5 ; 
between the trihydrate and the tetrahydrate it is 154; and between 
the hexhydrateand heptahydrate it is 16°2. These observations are so 
far in harmony with Kopp’s general conclusions that in the substances 
containing only a small number of water molecules (1 to 3) the specific 
volame of the water is 12°4; in others containing a larger number 
(2 to 7) it is 13°4; whereas, in a third class, containing the largest 
number (from 3 to 10), its mean value is 15°3. It need hardly be 
pointed out that the main conclusion agrees with general experience. 
Chemical combination results, as a rule, in contraction, and the 
stability of the compound is connected with the degree of this con- 
traction. Now, it is well known that the different molecules of 
water in a hydrated salt are held with varying degrees of tenacity, as 
shown by the different amounts of heat required to expel them, and 
the different amounts, too, which are evolved in the rehydration of 


the salt. 
Kopp finally seeks to disprove the assumption of Schréder that the 
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specific volume with which an element is contained in a compound 
bears a simple relation (},3—3; $,4—83 4, 4—}) to its primitine 
specific volume, an assumption which plays a not inconsiderable part 
in Schréder’s subsequent papers, and in those of Hermann (J, pr 
Chem., 13. 28 (1876)) and E. Wilson (Proc. Roy. Soc., 32, 457). 
Kopp had hitherto mainly concerned himself with the study of 
inorganic compounds, and for the most part with solid substances, 
He next turned to the consideration of organic bodies, and, in his 
papers of 1842, on the “ Vorausbestimmung einiger physikalischen 
Eigenschaften bei mehreren Reihen organischer Verbindungen” 
(Annalen, 41, 79; ibid., 41, 169), we have the first of a series of 
memoirs, on which his position as an observer will ultimately rest. 
For his purpose, the study of. organic compounds presented many 
features of importance. In the first place, the variety of elements 
which enter into the composition of organic compounds is much 
smaller than in inorganic substances; and in the second, there are 
more liquid substances and a wider range in the mode of combination 
among the compounds of carbon than of any other element. These 
liquids, too, may, for the most part, be easily obtained of a sufficient 
degree of purity; they are readily characterised, and the determina. 
tion of their specific gravity can be made with a higher degree of 


precision than in the case of solids. On the other hand, liquids are 
more expansible by heat than solids, and the question of the con- 
ditions under which specific volumes are comparable becomes of much 
greater importance in the one case than in the other. The main 
conclusion of this paper may be stated as follows:—If we imagine a 
number of analogous organic compounds arranged under the follow- 
ing scheme :— 


where A, B, C, D, a, 8, y, & are certain bodies or combinations of 
elements, then it is only necessary to become acquainted with one horizon- 
tal and one vertical series to know the most important physical properties 
of all the combinations contained in such a table. If the properties of 
the compounds contained in one horizontal or in one vertical series are 
known, the mere knowledge of one of these compounds is sufficient in 
order to ascertain the properties of all the compounds arranged in any 
other horizontal or vertical series. 

If the specific volumes and the boiling points of the compound 
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A¢taAt+BRAry &c., are known, and we also know the specific 
vity and boiling point of B + a, we can at once ascertain the 

specific gravities and boiling points of the bodies B + f, B + 4, 

B+. For between the specific volumes and boiling points of 


A+aandB+a|B+aandD+a|A+aandA + 4, 

A+fPandB+8|B+fBandD + B +aandB + 4, 

A+yvandB+y7|/B+yandD+y/|C + éandC + 4, 
&e. &e. &c., 


the differences are the same. 

A similar regularity occurs in the physical properties in cases of 
substitution, as, for example, that of chlorine for hydrogen. Let A 
represent a combination of oxygen and carbon which remains un- 
altered, @ hydrogen, f chlorine, m, n, #, y numbers; we have then— 


A + ma + np, 
A + (m — a)a + (n + 2)£, 
A + (m — y)a + (m + y)B. 


The sum of the atoms @ and f remains the same in each compound. 
If inany compound « atoms of hydrogen are replaced by « atoms of 
chlorine, the specific volume of the new compound is increased by 
2.125 (approximately). 

The numerical basis upon which these generalisations rest was 
undoubtedly affected by the fact that Kopp at this period was unable 
to determine the precise conditions under which the comparisons of 
specific volume are valid ; indeed, he is disposed to recognise in this 
circumstance the chief ground for the differences between the ob- 
served and theorctical values. But, in reality, the nature of the 
experimental material itself was hardly sufficient to afford absolute 
proof that Kopp’s laws were capable of the mathematical precision 
with which he stated them. This fact was, indeed, recognised by 
Liebig in a note which he appended to Kopp’s paper in the Annalen, 
and in which he called upon his fellow-workers to give increased at- 
tention to the ascertainment of those physical constants which serve 
todistinguish a chemical compound. Kopp’s generalisations were un- 
doubtedly first approximations to the expression of physical truths, 
but the limits of their application could only be determined by 
fuller and more accurate data, and by a clearer conception of the 
conditions under which the comparisons should be made. 

In Kopp’s next memoir, “ Ueber den Zusammenhang zwischen 
der chemischen Constitution und einigen physikalischen Eigen- 
schaften bei flussigen Verbindungen” (Annalen, 50, 71, 1844), this 
last problem is more particularly attacked. The specific volumes of 
liquids are obviously dependent on heat; hence they may be said to 
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be comparable at temperatures at which heat exercises the same effect 
upon the liquids, say at their boiling points, or, in general, at tem. 
peratures at which their vapour pressures are equal. Fifty years 
ago, however, the vapour pressures of but three liquids were known, 
and these only with approximate accuracy, viz., water, alcohol, and 
ether, and hence, since Kopp assumed that the specific volume of 
alcohol was the sum of the specific volumes of water and ether, 
there were only two equations possible to determine the three 
unknown values of C, H, and O at all temperatures below the 
boiling points. On the assumption—which observation showed 
to be probable—that one atom of oxygen can replace two atoms of 
hydrogen in a compound without sensible alteration in specific 
yolume, that the comparison may be made at equal distances of 
temperature from the boiling point instead of at the temperature of 
equal vapour pressures, and that the elements in combination have 
the same inherent expansibility, or, in other words, that the relation 
between the specific volumes of (C), (O), and (H) in a compound is 
the same at all distances from the boiling point, Kopp was able to 
deduce values for C, H, and O which enabled the specific gravity of 
a liquid consisting of these elements to be calculated ai any tem- 
perature below its boiling point with a certain approximation to 
accuracy. He found that the specific volume of a liquid compound, 
consisting of (a) atoms of carbon ; (6) atoms of hydrogen ; (c) atoms 
of oxygen; (d) atoms of chlorine; (e) atoms of nitrogen; and (f) 
atoms of sulphur, is, for a temperature distant D° from its boiling 
point, approximately expressed by 


(1'28a + 0°48 + 0°96c + 234d + l'44ée + 24f) x 
(9°75 — 0°01D)*. 
Kopp warns his reader that this formula has no other value than 
as expressing the specific volume, and, indirectly, the specific gravity, 
of a liquid consisting of the above-named elements, with, on the 
whole, a fair degree of accuracy. He is careful to point out that it 
rests on assumptions for which definite experimental evideuce is, in 
great measure, wanting. If both the form of the formula and the 
values of its constants were accurate, it would be possible to infer 
the boiling point of a liquid from a knowledge of its composition and 
its specific gravity. It would also follow, from the nature of the 
formula, that the contraction which a liquid experiences on cooling 
through X° from its boiling point was invariably proportional to X; 
whereas observation shows that the contraction for a given tempera- 
ture interval becomes smaller and smaller as the distance from the 


* The values were originally calculated on the basis of Berzelius’ atomic 
weights ; they have been transformed to the corresponding values when H = 1. 
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boiling point increases. Moreover, it assumes that two liquids, having 
the same volume at the boiling point, must necessarily possess the 
game volume at D° from the boiling point, which is also contrary to 


experience. 
Kopp ventured to conclude, then, that in all probability— 


]. Equal differences in composition corresponded with equal differ- 
ences in specific volume. 

2. Equivalent amounts of oxygen and hydrogen in liquid com- 
pounds occupy nearly the same volume. 

3. The specific volume of a compound is equal to the sum of the 
specific volumes of its components. The same element almost 
invariably preserves the same specific volume. Isomeric com- 
pounds have the same specific volume; polymeric compounds 
have specific volumes which stand to one another in the same 
relation as the molecular weights.of the compounds. Varia- 
tions in the chemical constitution of isomeric compounds are 
without effect on their specific volume. 

4. Comparisons of specific volumes of liquids are only valid at 
temperatures at which the vapour pressures of the liquids are 
equal. 


These conclusions, as Kopp clearly recognised, rested on no very 
firm experimental basis ; the necessary data, indeed, were not to hand 
to test them rigorously. Accordingly, he resolved to make accurate 
determinations of all the physical constants needed to ascertain, with 
the highest possible precision, the specific volumes of a large number 
of liquids. 

In 1855, Kopp published the first of the series of memoirs in which 
he gave the results of his 10 years’ experimental labours. These 
memoirs are, without doubt, the most remarkable and most charac- 
teristic of his scientific papers. They exhibit in a striking degree 
all the attributes of a successful investigator—ingenuity, manipula- 
tive skill, a rigid sense of accuracy, illimitable patience, insight, and 
inductive power. 

His main conclasions may thus be summarised :— 


l. The selection of the temperature of equal vapour tension as a 
basis of comparison seemed to be warranted by the fact that 
regularities are thereby made evident which otherwise are not 
apparent. 

2. Differences of specific volume are proportional to differences in 
chemical composition. 

3. Isomeric liquids of the same chemical type have equal specific 
volumes, 
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4, The substitution of hydrogen for an equivalent amount of oxygea 
only slightly affects the specific volume. 

5. One atom of carbon can replace two atoms of hydrogen without 
alteration in specific volume. 


It was further shown that the specific volume of a liquid was de. 
termined, not only by its composition, but also by its constitution, 
Kopp found, for example, that the relative position of the oxygen 
atom in a molecule affected its specific volume; carbonyl-oxygen 
and hydroxyl-oxygen have two very different values. Sulphur, in 
like manner, would appear to have two specific volumes, depending 
upon its position or mode of combination in a molecule. 

Definite values for ‘the specific volumes of carbon, hydrogen, and 
oxygen were obtained from the following considerations :—An incre. 
ment of CH, corresponds to an increase of specific volume of 22. 
Since C and H, occupy the same volume, we have C = 1] and H = 5%. 
The replacement of H, by carbonyl O is attended by a slight increase 
in the specific volume. Kopp found that the most probable value 
for this form of oxygen was 12°2. For hydroxyl-oxygen it is 7°, 
obtained by subtracting the value for H, (11) from the specific 
volume of water, 18°8. Hence the specific volume of-a compound 
C.H,0.0'z, where O is carbonyl-oxygen and O’ hydroxyl-oxygen, 
may be expressed by the formula 


V = 11°0a + 5°5b + 12:2c + 7°8d, 


which gives results in no case varying more than 4 per cent. from the 
observed value, and, in the great majority of cases, much less. 

Determinate values for the halogens, and, with less precision, for 
phospborus, arsenic, and antimony; silicon, titanium, and tin, were 
also obtained. As regards nitrogen, it was found that in the amines 
N=2°3. The group CN = 28; that of NO, = 33. If, then, carbon 
and oxygen preserved their ordinary values in these radicles, N must 
possess at least three different values depending on the mode of com- 
bination. There is, however, no evidence to disprove the supposition 
that the values for the carbon and oxygen atoms are not equally 
affected in these groups. This, indeed, suggests the possibility that 
compound radicles like CO, HO, NO,, CN, &c., may possess definite 
specific volumes which are not necessarily the sum of the specific 
volumes of the component atoms as ordinarily ascertained. 

It remains to indicate how far these conclusions have stood the test 
of criticism and subsequent research, especially when viewed from the 
standpoint of modern dynamics and in the light of our present con- 
ceptions concerning constitution. In 1865, H. L. Buff (Annalen, 4 
(Suppl.), 129) sought to show that the specific volume of carbon, 
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like that of oxygen and sulphur, is affected by its mode of combina- 
tion; or, in other words, that carbon in unsaturated compounds has 
a greater specific volume than in saturated bodies; from which 
he surmised that the specific volume of an element is in general deter- 
mined by its particular atomic value. With this exception, the 
subject received, practically, no farther experimental treatment until 
about 1880, when a number of papers followed each other in rapid 
succession. Only the briefest possible summary is here possible. It 
was found that isomeric liquids have not invariably the same specific 
yolame. Between ethylene and ethidene chlorides, for example, 
there is a greater difference than 4 per cent.; indeed, ethylene 
compounds in general appear to have smaller volumes than those 
calculated by Kopp’s values. Stidel further showed that in the 
series of the chlorinated and brominated ethanes and ethylenes, 
the isomer of higher boiling point, i.e., the ethylene derivative, 
has invariably the lower specific volume. Since these compounds 
are all saturated and the only variable constituent is a mono- 
valent element (Cl cr Br), it would appear probable that the 
specific volume of the halogen is also variable. Isomeric hydro- 
carbons manifest similar differences, whence it is obvious that 
either one or both of the elements must have a slightly variable 
volume, depending on grouping or mode of combination; it may be 
that the iso-group, like the groups carbonyl, hydroxyl, nitryl, &c., has 
a special volume, which is not necessarily the sum of the volumes of 
the component atoms as deduced from Kopp’s values. Kopp him- 
self found that the volumes of isomers were, in a number of cases, 
only approximately equal, and in others quite unequal. The term 
“chemical type,” used in the sense in which Gerhardt employs it, is 
not sufficiently distinctive to denote the differences, say, between the 
normal and iso-compounds, or, between aniline and picoline, and it is 
questionable whether Kopp would have considered such cases as 
coming within his rule. 

The observed specitic volumes of the aromatic compounds, also, are 
frequently lower than the calculated values. Indeed, our views as to 
the constitution of the aromatic compounds would lead us to expect 
that the specific volume of benzene (and the derivatives in which the 
benzene group functions) would probably be different from that de- 
duced from observations made, for the most part, on compounds of 
totally different constitution. Kopp (Annalen (Suppl.), 5, 303 
(1867)) showed from Louguinine’s observations that whilst benzene 
has an abnormally low specific volume, its homologues show the con- 
stant increase of 22 for an increment of CH,, which is what might be 
anticipated, since these bodies are produced by the addition (substi- 
tution) of methyl, ethyl, &c., to the benzene group. Jungfleisch’s 
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observations on the specific volumes of the chlorine substitution pro. 
ducts of benzene also seem to show that the positions of the chlorine 
atoms affect, in a very marked manner, the specific volume of the 
product (Compt. rend., 64, 911). Further observation has shown 
that Kopp’s conclusion, that liquid elements and radicles have the same 
volume in combination as in the free state, is well founded. Thus 
the observed volume of NO, = 32°0, calculated, 31°5; observed 
volume of Br = 53°6, calculated, 53°4; observed vclume of CN = 
28°9, calculated, 28°9. The observed specific volume of Cl from 
Knietsch’s careful determinations of the specific gravity of liquid 
chlorine is 22°8 ; the mean calculated value is 22°7. Kopp surmised 
that members of the same chemical family would be found to have 
the same specific volume; observation shows, however, that the 
specific volumes gradually increase with the increase of atomic mass.* 

Thanks to Roberto Schiff, Lothar Meyer, and his pupils, and 
especially to Lossen and his pupils, a very large amount of experi- 
mental material has been accumulated daring the last ten years, from 
which important deductions may be drawn as to the general validity 
and limitations of Kopp’s conclusions. Schiff (Annalen, 220, 71 
(1883)), by means of an improved form of an apparatus first sug- 
suggested by Ramsay (Trans., 1879, 35, 463 ), concluded that whilst 
it is generally true that isomeric compounds have slightly different 
specific volumes, it is almost invariably the case that the substance 
possessing the higher boiling point has also the higher specific 
volume (compare Stadel). In the case of the metameric esters 
of the fatty acids, it is found that, as a rule, the specific volumes 
increase with the diminution of the number of carbon atoms in 
the acid radicle and with the increase in the alcohol radicle. At 
the same time, it would appear that the differences between the 
observed and calculated values are mainly due to the alcohol, 
the acid apparently having but slight influence. This is in con- 
formity with Lossen’s observations, that whilst the ethers and acids 
give experimental values which are almost in exact accordance 
with Kopp’s values, the aldehydes and alcohols show wider varia- 
tions, methyl alcohol giving too great an observed value, whilst 
the others give smaller and smaller values as the amount of carbon 
increases. It is, however, noteworthy that the differences between 
the aldehydes and derived alcohols remain almost constant, which is 
not the case with the aldehydes and acids, where it appears to in- 
crease with the molecular weight. Hence the differences between the 
homologous aldehydes are very nearly equal to those between the 

* Thorpe: “On the Relation between the Molecular Weights of Substances 


and their Specific Gravities when in the Liquid State,” Trans., 1880, 37, 141; <did., 
327. 
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corresponding homologous alcohols (Lossen), The mode in which 
carbon is combined in an organic compound has, according to Schiff, 
a distinct influence on its specific volume; like Buff, he finds that 
double-linked carbon occupies a smaller volume thar when single- 
linked. It is, however, very doubtful whether the facts at present 
known are sufficient to establish this conclusion. 

The examination of the very large quantity of experimental 
material which is now before us forces us to the conclusion that 
molecular volume is not a purely additive property. There is no 
longer room for doubt that the molecular volumes of substances are 
affected by far more conditions than we have hitherto taken cogni- 
sance of. The value CH, = 22 has no other significance than as 
expressing the average increment in volume in successive members of 
a homologous series. Indeed, as the physical data increase, it becomes 
doubtful whether even this mean value iscorrect. Later observations 
appear to show that the value augments as the series is ascended, 
The relation C = 2H no longer applies to carbon compounds in 
general. What is true of carbon and hydrogen is equally trne of 
oxygen, whether as carbonyl- or as hydroxyl-oxygen. No definite or 
uniform values can be assigned to oxygen such that the molecular 
volume of a liquid can be a priori determined. The values given by 
Kopp are simply mean values, but the actual volumes are affected by 
conditions of which, as yet, we have no very precise knowledge or any 
certain means of measuring. The values for the other elements are, 
of course, affected by these considerations. Thus the specific volume 
of chlorine is obtained on the assumption that the values for carbon 
and hydrogen are constant. All, then, tends to show that the molecular 
volume is not the sum of constant atomic volumes. 

Lossen has attempted, and with considerable success, to devise 
formule which shall take note, or express the measure, of the influ- 
ences which affect the uniformity in the values of specific volumes in 
organic compounds (Annalen, 254, 42). These formule, as yet, can 
only be considered as first approximations, but their value will be 
evident from the fact that they serve to reproduce the observed values 
with a greater approach to accuracy than has hitherto been possible. 
Out of the 407 compounds which constituted the experimental material 
on which these formule are based, the observed molecular volumes of 
352 differ by less than 2 per cent. from the calculated volumes. 
Comparatively few of these differences may be ascribed to experi- 
mental errors. In the main, they are caused by influences of struc- 
ture and composition which, as yet, we have no certain means of 
measuring, such as the effect of substituted chlorine, or the special 
effect of the iso-group, or of the ortho-, meta-, or para-position, &c. 

No summary of the present state of our knowledge respecting this 
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question would be complete without some reference to Schréder’s 
later views. For nearly 50 years Schréder laboured unremittingly 
to throw light on the connection between volume and molecular 
weight, and the final form of his theory is too suggestive to be 
passed over in silence. Schrider regards the atomic volume of an 
element in combination as variable within limits determined by the 
nature of the chemical compound. In any one compound, however, 
all the elementary atoms occupy either equal or multiple volumes, 
Hence every molecular volume is a multiple of a certain space-unit 
or stere, the value of which may vary between 6°7 and 7°4, depending 
on the number, nature, and mode of union of the atoms. Ostwald, 
to whom I am indebted for this presentation of Schréder’s argument, 
thus explains how Schréder obtains his determinate relations. The 
molecular volumes of formic, acetic, and propionic acids increase 
about 22 units for each increment of CH,; in the case of alcohols the 
increase is about 20 units. The volume of formic acid is 418, that 
is, 2 x 20°9; that of methyl alcohol is 42°7 or 2 x 21:4. Hence it 
follows that in formic acid, CH,O,, the O, occupies the same 
volume as CH,; and in methyl alcohol, CH,O, the H,O has the 
same volume as CH,. In like manner, ethyl alcohol, C,H,O, has 
the volume 62°2, that is, 3 x 20°7. Since 2 x CH, = 2 x 20-7, 
then H,O = 20°7. Acetic acid has the volume 63°5, that is, 3 x 21-2; 
2CH, is 2 x 21°2 and O, = 21'2. The volume of acetaldehyde is 
56°9, that is, about 6°6 smaller than that of acetic acid; this would 
indicate that the substitution of OH by H lowers the volume by 
66. Since H,O = 21°4, it follows that the hydrogen and oxygen 
in hydroxyl each occupy one space unit or stere. As CH, = 21, 
we find that carbon also occupies one stere or space unit. Now 
from the volume of formic acid, which contains 6 steres, it is found 
on subtracting 3 steres for CH, and 1 stere for hydroxyl-oxygen, 
that the carbonyl-oxygen must occupy 2 steres. 

We obtain then the following rule :—The number of space units or 
steres of the saturated compounds of carbon, hydrogen, and ‘orygen 
corresponds to the number of the atoms, increased by as many units as 
there ure atoms of carbonyl oxygen present. 

If we calculate, by means of this rule, the steres of the saturated 
compounds, we find that they vary within narrow limits and for the 
most part increase with increasing molecular weight. In the greater 
number of cases, the values range between 6°9 and 7°2. Ostwald has 
calculated the value of the stere for a large number of aliphatic com- 
pounds with the following results :— 


Hydrocarbons, 6°89 ; 6°99; 6°82; 7:11; 7°23. 
Aleohols, 7°12; 6°91; 6°77; 688; 678; 6°78; 681; 6:74; 7:09. 
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. Acids, 6°97 ; 7:06; 7711; 7°19; 724; 7:24; 6°85. 

Esters, 704; 7°08; 7°05; 7:14; 7:26; 7°43; 7°45; 7°47. 

Aldehydes, 7°11; 7°05; 7°18; 7:01; 7:18; 6:93; 7:27. 

In the series of the hydrocarbons, the acids, and the esters, the steres, 
in the case of the normal compounds, increase regularly with increasing 
molecular weight; in that of the alcohols they decrease up to the 
third member and then increase. The secondary and tertiary com- 
pounds. have, as a rule, smaller steres than the normal componnds. 
It is instructive to note the different manner in which Kopp and 
Schréder arrived at the volume relations of these elements. Kopp 
concluded from the approximately equal volumes of the alcohols and 
corresponding acids, that H, and O are volumetrically equivalent ; 
and from the equivalence of the volumes of benzyl and amyl com- 
pounds he inferred that C, and H,are mutually replaceable without 
alteration of volume; hence he assumed that the hydrogen atom 
occupies only half the volume of the oxygen orcarbon atom. Schréder 
establishes the volume equivalence of CH,, HOH, and O'O, and he 
inferred from the difference in volume between alcohol and aldehyde 
that hydroxyl oxygen has the same volume as hydrogen and carbon, 
whilst carbonyl oxygen has twice the volume. Whilst then Kopp 
assumes (approximately) H, = C = O, Schréder makes H = C = O. 

In the case of unsaturated and aromatic compounds, Schréder 
assumes that each double linkage is attended with an increase of 
volume amounting to one stere; hence the foregoing rule has to be 
modified in this sense when applied to compounds of this class. 
The value of the stere in a number of unsaturated compounds is 


found to be— 


Hydrocarbons, 6°87 ; 7°09; 6°93; 6°99. 
Alcohels, 6°72. 

Esters and ethers, 7°14; 7°13. 

The values vary, practically, within the same limits as in the 


aliphatic compounds. 

As regards aromatic compounds, it would seem to follow, from the 
identity in the volumes of benzoyl and amy] compounds, as indi- 
cated by Kopp, as well as from the corresponding relation between 
the isobutyl and phenyl compounds, that C,H; comprises the same 
number of steres as C,Hg, that is, 13. Of these, five are occupied 
by hydrogen ; so that the carbon group Cg occupies 8 steres. 

The values of the stere in a number of aromatic compounds are 


as follows :— 
. Hydrocarbons, 685; 6°94; 6°98; 7:00; 695; 7°04; 7:04; 7-04; 
7°06 ; 6°84, ; 
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Other compounds, 6°91; 687; 7:05; 6:97; 7°16;: 7°26; 
7°28; 7:14; 696; 7°07. 


The value of the stere here also varies within the usual limits, 
it is comparatively small for the hydrocarbons (6:8—7°9), larger in 
the case of the alcohols, and still larger in that of the esters 
(7°2—7°5). Those relations if substantiated would seem to indicate 
that the law of volumetric combination among the masses of liqnid 
molecules is essentially not more complex than the law of combina. 
tion between those of gaseous molecules. 

There is one consideration which is vital to the whole question, 
and to which, therefore, a brief reference must be made. It relates 
to the choice of conditions under which the values we term mole. 
cular or specific volumes are really comparable. Although Horst- 
mann and Lossen have advanced reasons against the practice, con- 
tending that at any other temperature, say 0°, relations similar to 
those now established are made manifest, it has been the custom, 
in accordance with Kopp’s direction, to compare the specific voluimes 
of liquids at the temperatures of their respective boiling points 
under a standard atmosphere. Whether, however, the temperature 
of the boiling point, under these circumstances, is a truly com. 
parable condition is open to question. It has been urged by 
Horstmann that, since what we call atomic volume is the space not 
merely filled by an atom, but also that in which “it moves, and 
lives, and has its being,” it is not a priori probable that at tem- 
perature which differs, say, by 300°, as, for example, in the case of 
C,H, (boiling point 1°) and CigHs (boiling point 317°), these volumes 
will be the same. Moreover, as pointed out by Bartoli, the boiling 
point cannot, in the nature of things, be a strictly comparable condi- 
tion, since it is affected by pressure to a different extent in the case 
of different liquids. Objections of even greater weight may be 
urged against the suggestions of Tschermak and Krafft, to take 
the melting point as a comparable state. 

No doubt, theoretically speaking, a valid condition should be when 
pressure, volume, and temperature are expressed in terms of their 
critical values. But that certain regularities in the molecular 
volumes at the boiling points have, in spite of this, been discovered, 
may be explained, as Guldberg has shown, when we compare the 
values of T,, the absolute boiling point, with those of 'T, the absolute 
critical temperature ; in those cases in which these two constants are 
known, the ratio T/T, approximates to %. Hence it follows that 
qualities like molecular volumes, which alter only slowly with tem- 
perature, are comparable at the ordinary boiling points (Zcits. fiir 
Physikal Chem., 5, 374). 
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It ought, perhaps, to be stated that subsequent observations show 
that the so-called “ corresponding temperatures’’ deduced from Van 
der Waals’ generalisations have not that degree of validity as tem- 
peratures of comparison which they were originally assumed to 

ess. Indeed, the present condition of knowledge warrants the 
statement that Kopp’s original method of comparison is as valuable 


as any yet indicated. 


Kopp continued to the last to interest himself in the problem which 
had been the mainspring of his scientific activity. Shortly before 
his death, he gave to the world, through the Annalen (250, 1889, 1), 
a critical account, written with the dignity and calm that befits the 
well-earned leisure of a veteran controversialist, of the many strivings 
which had been made to solve it since the tentative efforts he put 
forth in his thesis of 1838. 

We rise from the perusal of this memoir with the conviction that, 
after all, the work thus summarised takes us but little beyond the 
threshold of the fundamental truth of which its author was the first 
to perceive the indication. 

As yet we see through a glass darkly, and know only in part; but 
with the fuller light of a rapidly advancing knowledge, we shall most 
certainly get an insight into the causes which affect the universality 


of Kopp’s conclusions. The discrepancies, if we could only read 
them aright, contain within them the clues to a broader generalisa- 
tion which will more clearly connect the chemical nature of mole- 
cules with their physical attributes. Our experimental material will 
soon be sufficient for the basis of this generalisation, even if it is 
not so already. What is wanted is another Kopp to interpret it 


correctly. 


L1.— Action between Thiourea and some Haloid Derivatives of Fatty 
Acids. 


By Avaustus E. Dixon, M.D., Professor of Chemistry, Queen’s 
College, Cork. 


Moyocutoracetic acid, us is well known, readily interacts with thio- 

urea, producing the hydrochloride of thiohydantoin. With trichlor- 

acetic acid, action also occurs, but the dichlorinated derivative which 

it might be expected would be produced is not formed ; according to 

Claus and Rimbach (Ber., 9, 228), the mixture gradually decom- 

poses yielding carbonic anhydride, hydrogen sulphide, and chloro- 
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form. No investigation concerning the action of dichloracetic aci¢ 
on thiourea appears to have been recorded ; it seemed, therefore, of 
interest to experiment in this direction, and I have now done go 
with the results stated below. 


Dichloracetic acid and Thiourea. 


The dichloracetic acid used was prepared from chloral hydrate; a 
determination of the strength of that used in the earlier experiments 
showed it to contain 98'2 per cent. of real acid ; later on an acid was. 
employed which was almost pure. 

Thiourea and dichloracetic acid readily interact when warmed 
together in the absence of any solvent; the action is, however, very 
vigorous, and it was found better to operate in solution (in water or 
dilute spirit), the formation of sticky bye-products being thus 
lessened, whilst the action in other respects runs the same course. 

Thiourea (2 mols.) and dichloracetic acid (1 mol.) were dissolved 
in water, and the mixture heated; a yellow powder soon began to. 
separate, which, on continued boiling, changed to reddish-brown,, 
whilst hydrogen chloride escaped. The solution was concentrated by 
further boiling, and filtered; in the residue were found a brittle, 
yellow crystalline mass, together with a small quantity of a browa,. 
amorphous substance; this mixture was extracted with carbon bi- 
sulphide, and, on evaporation, octahedral crystals of sulphur were: 
obtained. 

From the bright yellow filtrate (after removal of a further quan- 
tity of the brown substance, which separated on standing), fine,. 
large, seemingly orthorhombic crystals were deposited ; these were 
collected, recrystallised from water, and further purified by dissolving 
in spirit and precipitating by the addition of ether. 

The product thus obtained was acid to test-paper, and decomposed 
at 190—200° without melting; it contained nitrogen, sulphur, and 
chlorine, giving up the latter to aqueous silver nitrate or to cold dilute 
caustic alkali, and evolving hydrogen chloride when mixed with 
sulphuric acid. Considering the readiness with which hydrogen 


chloride could be withdrawn, leaving a product free from chlorine, it. 
seemed unlikely that monochlorothiohydantoin, NH:C< — og or 


a salt of it, was in hand; an examination of its properties, together 
with the results of a complete analysis, showed the substance to be 
thiohydantoin hydrochloride. 

The following data were obtained. 

0°2418 gave 0°2125 CO, and 0:0897 H,0. 

02115 ,, 342 c.c. moist nitrogen at 20° and 768°5 mm. 

0'2126 ,, 03287 BaSOQ,, and 0°1991 AgCl. 
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Calculated for 
_0,H,N-S8O-HCl. Experiment. 
23°58 per cent. 23°96 per cent. 
3°28 3°70 " 
23°23 23°15 " 
18°40 18°70 
21-00 21°25 
10°51 —- 


On dissolving a quantity of the hydrochloride in water and adding 
a slight excess of potash, needles gradually separated; these were 
free from chlorine, decomposed, without melting, at about 205°, and 

ssed the general properties of thiohydantoin; giving, for 
example, thioglycollic acid when boiled with baryta-water, and a 
bright yellow powder (Mulder, Ber., 8, 1263) when boiled for a 
short time in aqueous solution with basic lead acetate. 

The brownish substance above mentioned was next examined ; it 
was free from chlorine, did not melt at 200°, was very sparingly 
soluble in boiling water, but readily in alkalis, and gave with silver 
nitrate, in presence of ammonia, a yellow precipitate; by this be- 
haviour and its other properties, it was identified as thiohydantoic 
acid. 


The fact that dichloracetic acid yields thiohydantoin instead of the 
expected chlorinated derivative points to the occurrence of some pre- 
liminary decomposition whereby one of its chlorine atoms is ex- 
changed for hydrogen so as to form monochloracetic acid. That 
collateral decomposition does occur is shown, on the one hand, by 
the evolution of hydrogen chloride during the action, and on the 
other, by the precipitation of sulphur. It may be simply explained 
by supposing that the thiourea loses the elements of hydrogen sulph- 
ide, becoming thereby converted into cyanamide; and that the hydro- 
gen sulphide deposits sulphur, its hydrogen reducing the dichlor- 
acetic acid to monochloracetic acid : 


CHCl,COOH + CSN.H, = CN-NH, + CH,Ci-COOH + HCl + S. 


Thus one molecule of thiourea is used up in removing half the 
chlorine from the dichloracetic acid, a second molecule then inter- 
acting to yield thiohydantoin hydrochloride : 


= SH ClCH, ee - mat 
NEC <i + ono = NEC<yy.do » HO! + M0. 


This somewhat remarkable action, in which a di-substituted acid 


yields the decomposition product of a mono-substituted, has a parallel, 
3% 2 
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dibromopyruvic acid and thiourea, according to Nencki and Sieber 
(J. pr. Chem. [2], 25, 74), giving rise to thiouvinuric acid, thus— 


CHBr,CO-COOH + 2CSN,H, = C,H.N,SO, + CN-NH, + 
2HBr + S + 25,0. 


It may here be added that the above compound, to which the dis. 
coverers assign the formula CH-CO-CO’S-C(NH)-NH,, has lately been 
reinvestigated by Steude (Annalen, 261, 22), according to whom it is 
p-amidothiazole-a-carboxylic acid, formed from monobromopyruvic 
acid in the following manner. 

HS CHS 
+ pn? ONEs = ooon-d—n7 ONE 
+ HBr + HO, 


CH.Br 
COOH:CO 


Trichloracetic acid and Thiourea. 


Action readily occurs between these substances: not only were the 
phenomena described by Claus and Rimbach (loc. cit.) observed, but, 
in addition, sulphur separated and much hydrogen chloride was 
evolved. No thiohydantoin appeared to be formed; in this case, 
therefore, the decomposition is more complete than in the preceding. 
In the case of ethylic trichloracetate, in alcoholic solution, no action 
worth speaking of occurred after half an honr’s boiling; the mixture 
became reddish, but almost the whole of the thiourea employed was 
recovered unchanged. 

With a single exception, the action on thiourea of higher homo- 
logues of chloracetic acid appears not to have been investigated. 
‘he exception referred to is in the case of B-iodopropionic acid; 
according to Andreasch (Monatsh., 6, 832), this combines with thiourea 
to form a substance which, on treatment with soda, yields imido- 
carbamine--thiolactic acid, : 


NH:C(NH,)-S:CH,-CH,-COOH + 2H,0. 


By using the corresponding brominated a-acid, the following 
results were obtained. 


a-Bromopropionic acid and Thiourea. 


A mixture of the two substances in molecular proportion was 
boiled for a short time, in alcoholic solution; on cooling, a finely- 
divided, white, crystalline material separated, which was drained on 
the filter pump—a tedious operation—and again crystallised from 
alcohol, As thus obtained, the product is a very finely-divided, white, 
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crystalline powder, freely soluble in water or alcohol, smongiy acid 
to test paper, and behaves as a hydrobromide. 

A quantity of the hydrobromide was dissolved in water, and the 
solution just neutralised by caustic soda; a white precipitate fell, 
consisting of slender needles; these were removed by filtration, and 
another crop obtained by concentrating the filtrate; the latter, on 
further concentration, yielded glassy crystals of sodium bromide. 
By recrystallisation from spirit, the substance was obtained in thin, 
brilliant, vitreous prisms, free from halogen, and melting, with 
effervescence, to a rich, deep-red liquid, at 205—206° (uncorr.). 

On analysis, numbers were obtained agreeing with the formula 
}H.N,SO for methylthiohydantoin. 


04052 gave 0°7356 BaSOQ,. S = 24°95. 
02088 ,, 38 c.c. moist nitrogen at 13° and 767 mm. N = 21°69. 
Theory: N = 21°58; S = 24°63 per cent. 


The acidity of the hydrobromide was determined by titration with 
decinormal soda— 


03753 and 0°5477 gram required 17°85 c.c. and 26°15 c.c. respec- 
tively ; or HBr = 38°41 per cent. and 38°56 per cent. 
C,H,N.SO-HBr requires HBr = 38°34 per cent. 


From these results it follows that the interaction of thiourea and 
a-bromopropionic acid runs on different lines from that with B-iodo- 
propionic acid. In addition to a molecule of hydrogen bromide, a 
molecule of water is eliminated, the action being thus similar to that 
with monochloracetic acid. «-Monochloropropionic acid was found to 
behave like the bromo-acid ; the hydrochloride obtained formed long, 
white needles. The melting point of the base after recrystallisation 
from water was, as before, 205—206°. 

Methylthivhydantoin is moderately soluble in boiling water, rather 
sparingly in the cold ; the solution is neutral to litmus. It dissolves 
sparingly in boiling alcohol, easily in hydrochloric acid; the latter 
solution yields no precipitate with platinum chloride. 

The sulphur in this compound is held with considerable tenacity : it 
is not affected by neutral silver nitrate; with the ammoniacal nitrate, 
however, a white, gelatinous precipitate is produced, which when 
boiled, becomes curdy and opaque, but without darkening. Its solu- 
tion is not sensibly desulphurised by treatment with alkaline solution 
of lead; and if the solid is boiled with concentrated nitric acid, diluted, 
and barium chloride then added, no turbidity is produced. It is, 
however, attacked by fusion with potash; and decomposes when 
sufficiently heated, evolving hydrogen sulphide. 

On continuéd boiling with baryta-water, the substance is decom- 
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posed, ammonia and barium carbonate being produced ; on filtering 
from the latter, and adding hydrochloric acid and ferric chloride to 
the filtrate, followed by excess of ammonia, an intense blood-red 
coloration is produced, due to the presence of methylthioglycollic 
acid— 

C,H,.N.SO + 3H,O = CH;CH(SH)-COOH + 2NH; + CO,. 


Action of Hydrochloric acid.—10 grams of the base were boiled for 
about an hour with excess of hydrochloric acid, the latter evaporated 
off, and the product treated with strong alcohol. A residue was thus 
obtained, consisting of pure ammonium chloride; and after evapo- 
rating the alcohol from the filtrate, a clear brown acid oil was left, 
from which, after a short time, more ammonium chloride separated. 
On keeping for some weeks over oil of vitriol, the oil became syrupy 
and needles appeared, but it was not obtained in astate fit for analysis. 
The conversion, however, of the thiohydantoins, under the conditions 
stated, into ammonia and so-called “ thiocarbimideglycolide” is a 
generic one; the difficultly crystallisable oil is therefore, doubtless, 
methylthiocarbimideglycolide, or, using Hantzsch’s nomenclature 
(Ber., 20, 3129), B-methyldioxythiazole. It is produced thus :— 


S—OH-OH; | 4,0 = NH, +00<?~ pee 


Ray H:CO NH-CO 


By boiling with baryta-water, the last atom of nitrogen is removed ; 
ammonia and carbonic anhydride are produced, whilst methylthio- 
glycollic acid (as barium salt) passes into solution, and can be 
detected, after the barium carbonate has been filtered off, by the 
blood-red coloration obtained with hydrochloric acid, ferric chloride, 
and ammonia; or by conversion by Andreasch’s method (Ber., 12, 
1387) into the mercuric salt. Hg found = 49°13 per cent.; theory 
for Hg(C;H;SO,)., Hg = 48°80 per cent. 

The interaction occurs as expressed by the following equation :— 


S—CH-CH; 


nHGO + 24:0 = CO. + NH, + 


CH,-CH(SH)-COOH. 


CcCo< 


By the isolation of the compound above mentioned, we are now 
acquainted with three isomeric thiohydantoins :— 

1. A glycolyl derivative of methylthiocarbamide, 
N(CH;)-CO 
NH CH,’ 


obtained by Marckwald, Neumarck, and Stelzner (Ber., 24, 3285), 


CS< 
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from methylthiocarbimide' and glycocine. It melts at 161°, and 
affords insoluble silver and mercury salts, which (as might be ex- 
pected, owing to the presence of doubly-linked sulphur) readily 
decompose with formation of metallic sulphide. 

9. A glycolyl derivative of methylthiourea, obtained by 
Andreasch (Monatsh., 6, 840) from = latter and monochloracetic 
acid; its formula is given as NH: o<t (CH,): PRIMED 


3. The compound described in the present paper. 
From the mode of its formation, it must contain the group 


aa! al moreover, as it yields, on hydrolysis, a derivative of thio- 


glycollic acid, the sulphur must be in combination with the CH of 
this group ; its production may be thus formulated :— 


— Cl-CH’CH, s— CH: CH; HCl + H,0. 
NH-C<yu, + Ho. CO = NH: C<naed 60 + Hy, 
Chemical Laboratory, 

Queen’s College, Cork. 


LII.—The Inertness of Quicklime. 
By V. H. Vetey, M.A. 


Introductory. 


Tae word “quick” is applied to the substance lime in several 
European tongues, and in our own it may be taken to represent its 
living and active nature, especially towards water. But though to 
this substance, under ordinary circumstances, lime is an active kind of 
matter, yet to other substances it is relatively, if not completely, 
inert, Thus, for example, it is a common matter of knowledge that 
quicklime will not absorb and combine with carbon dioxide gas when 
dry, and, some years ago (Trans., 1885, 47, 484) I proved that when 
dry hydrogen sulphide is passed into quicklime no chemical change 
ensues. 

A short time since, when I was preparing some nitrosulphonic acid 
by passing sulphur dioxide into concentrated nitric acid, and the 
nitrous fumes had become intolerable, a glass tower was hastily 
filled with lime. It was then noticed that, so far as could be 
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judged, all the nitrous fumes passed out as before, and at the exit 
there was an appreciable odour of sulphur dioxide. But when the 
lime was moistened with water the absorption, both of nitrous fumes 
and of sulphur dioxide, appeared to be complete. It seemed, there. 
fore, worthy of interest to examine as to how far the absorptive 
power of lime for gases, generally regarded to be of an acid nature, 
was dependent on the mass of water present, more especially as 
lime is used in manufactures to absorb and retain carbon dioxide, 
sulphur dioxide, hydrogen sulphide, and chlorine gases, and, on 
small scale, as a convenient material for preventing acid fumes 
from entering the atmosphere of a room. In the present com. 
munication it is proposed to deal with carbon and sulphur dioxides 
only, reserving for further investigation other gaseous substances, 


Part I. Lime anp Carson Droxipe. 


Historical. 


The conditions of the decomposition of calcium carbonate, as also 
of the recombination of the basic and acidic oxides, were first 
studied by Debray (Compt. rend., 1867, 64, 603); he concludes from 
his experiments, generally quoted in the manuals of chemistry, that 


lime does not absorb carbon dioxide below 1040° or thereabouts, and 
then only on the condition that the tension of the gas is above 
520 mm. 

It would appear, from the rather meagre description given, that 
the experiments were conducted on a small scale, the amount of de- 
composition, on the one hand, and of absorption, on the other, being 
measured by the reading of a manometer. Birnbaum and Mahn 
(Ber., 12, 1547) found that no action takes place at the temperature 
of melting lead, 326°, but that it begins at the temperature of melt- 
ing zinc, 415°. In the experiments quoted, the amount of carbon 
dioxide absorbed per 100 parts of lime varied from 4°1 to 45°7, though 
the values given do not vary regularly, either according to the dura- 
tion of the experiment or the mass of material. In the form of 
apparatus used, the gas passed over, rather than through, the lime, 
the weight of which never exceeded 1 gram; no details are given of 
the mass of carbon dioxide passed per unit time. Both these authors 
and Schulatzenko (Dingl. polyt. J., 205, 345) observed that calcium 
carbonate also decomposes at the same temperature, of melting zinc. 

Finally, Raoult (Compt. rend., 1881, 92, 189) noticed that when a 
rapid stream of pure and dry carbon dioxide is passed over lime at 
the temperature at which glass begins to soften, the combination is 
so energetic that the lime becomes vividly incandescent. 
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The Apparatus and Method of Investigation. 


The apparatus used (both for Parts I and II) was made up of a 
yessel suitable for producing the gas used; this was passed into a 
wash-bottle containing water to catch spirtings, thence through two 
wash-bottles of concentrated sulphuric acid, and finally through 
1300 mm. of glass tubing packed with pumice and phosphoric oxide, 
and arranged in a zig-zag form. It was hoped that if the rate of pas- 
sage were not too rapid, it would be sufficiently dried to come in con- 
tact with the lime contained in a small (J-tube, fitted with perforated 
glass stoppers. Next to this was placed a weighed (J-tube, filled 
also with phosphorus pentoxide to catch any water which might be 
driven off, and, lastly, a small wash-bottle containing sulphuric acid, 
to prevent any backward passage of moisture. The mass of the gas. 
which passed throngh the lime was determined either from the 
volume of water forced out of an aspirator, or by absorption by soda. 
in a tared vessel. The sum of the increase in weight of the lime and 
the mass of the gas passing through without being absorbed would 
thus be a measure of the total mass of gas. From these data the 
percentage of absorption can be calculated, and it appears more 
rational to refer the increase in weight of the lime to the total mass. 
of gas rather than to the mass of lime. To make each experiment 
so far alike as possible, a matter of some difficulty in dealing with 
a solid substance, the same weight approximately of lime was used 
in each instance, and this was packed within the same length in the 
U-tube, and, further, in each series of experiments the rate of 
passage of gas was kept as uniform as possible, being 0°25 gram 
per hour on the average. 

The lime was prepared from the precipitated carbonate; it was 
free from chlorine and, excepting traces, from ferric oxide, silica, and 
alumina also. 

The portion used for any set of experiments was strongly ignited in 
a platinum crucible ; it was apparently in no case over-burnt, when, 
as is well known, a cinder-like mass is obtained which cannot be 
slaked, and would be inactive towards gases. The lime was placed, 
when still warm, in the experimental (J-tube, also warm; it is prob- 
able, however, that small traces of water were absorbed in the neces- 
sary but rapid transference of the lime from the one vessel into the 
other. Before commencing experiments, the (J-tube and its contents 
were weighed, filled with air, and, at the conclusion of the first ex- 
periment, filled with carbon dioxide ; to make the necessary correc- 
tion, a blank experiment was made once for all, in which the same 
volume of sand as of lime was placed in the (J-tube, and the dif- 
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ference in its weight when filled with air and with carbon dioxide 
was determined. 


Effect of Mass of Water present. 


Various series of experiments were conducted at ordinary tempera- 
tures with quicklime and lime containing variable proportions of 
water to compare the absorptive values, and to ascertain if the one 
is a function of the other. 


Serres. I1.—Quicklime, CaO. 


Mean Temperature, 11°. 


Weight of 
lime before. 


Weight of 
lime after. 


Gain. 


Gas passed 
unabsorbed. 


Percentage 
absorbed. 


grams 
10°459 

10 °5058 
10 °5103 


ms 
10 *5058 
10°5103 
10 °5148 


gram 
0 -0468 
0 -0045 
0 °0045 


grams 
1°2883 
1°1167 
2°2277 


144 ,, _ _ 4°6327 


The above experiments confirm, on a more extended scale, previous 
observations that dry lime does not combine with dry carbon dioxide ; 
for, though a considerable mass of gas was passed, yet the quantity 
absorbed was extremely small, and that principally in the first 
experiment, a result probably due to the presence of a small quantity 


of hydrate. But the water eliminated thereby, though retained by 
the lime, and doubtless diffused through it, appears not to be enough 
to continue the chemical combination. 

Hydration of the Oxide——In order to add to the lime a known 
amount of water, under conditions precluding contact with carbon 
dioxide, a method was adopted which, in a previous investigation 
(Trans., 1885, 48, 481), was found to be accurate. I transcribe the 
passage from the paper quoted :—‘“A watch-glass contaiping 4 
weighed sample of the lime was piaced at the top of a glass cylinder; 
over this was inserted another cylinder of rather larger diameter, 
and the two placed in a beaker containing a hot solution of soda. 
The apparatus was kept for some time in a warm place.” If the lime 
be exposed to the damp atmosphere for a greater or less time, the 
quantity of water absorbed is the greater or less; thus, the lime can 
be made to take up the amount of water desired. 
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Series I1.—Lime with 3 per cent. Water. 
Mean Temperature, 14°. 


Weight of 
lime before. 


Weight of 
lime after. 


Gain. 


Gas passed 
unabsorbed. 


Percentage 
absorbed. 


§ hours . 
4 ” 


ms 
10 5388 
10 5526 


grams 
10 *5526 
10 5531 


gram 
0°0138 
0 -0005 


ms 
1°2974 
1°1129 


1°05 
nil 


It will be evident from the above results, that the addition of a 
small proportion of water does not suffice to promote the chemical 
change, though one might be led to suppose that, as each particle of 
water was ousted from the hydrate, it would combine with the 
neighbouring particle, which in its turn would be able to absorb the 


carbon dioxide. 


But, when a small mass of water is spread through 


a large mass of lime, this does not appear to be the case. Accordingly 
an experiment was conducted with lime containing a greater propor- 
tion of water, but incompletely hydrated. 


Time of each Experiment, 4 hours. 


Serres II].—Lime with 11°21 per cent. Water. 
Mean Temperature, 14°. 


Weight of 
lime before. 


Weight of 
lime after. 


Gain. 


| Water 
| collected. 


Gas passed 
unabsorbed. 


Percentage 
absorbed. 


vrams 
9°6755 
9 °7408 
9°7473 
9°7503 


ms 
9°7408 
9°7473 
9 -7503 
9°753 


gram 
0 °0703 
0 ‘0065 
0 003 
00027 


| gram 
nil 
00105 
0°0085 
0-001 


grams 
1°2777 
2°0841 
1 °6307 
0 9434 


In the above series of experiments, the absorption of the gasis still 
very incomplete, and, when once begun, seems to proceed to a slight 


degree. 


Time of each Experiment, 4 hours. 


Serres IV.—Calcium Hydrate, Ca(OH). 


Mean Temperature, 14°. 


Weight of 
lime before. 


Weight of 
lime after. 


Gain. 


Water 
collected. 


Gas passed 
unabsorbed. 


Percentage 
absorbed. 


grams 
9°125 
9 °3045 
9 °5595 
9821 
10°179 


grams 
9 °3045 
9 °5595 
9 °821 
10°179 
10 +3925 


grams 
1°1863 
0 -9139 
1°1077 
1 5341 
1°914 
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The results given above show that, in the case of the hydrate, the 
absorption of the gas is, at first, more complete, and, when the hydrate 
becomes more moist by the water kept back, there is an increase jp 
the combination until the chemical change is nearly completed. py 
render the effect of the water more manifest, another series was cop. 
ducted with the hydrate to which 10 per cent. of water was added, 
and the whole mixture worked up as uniformly and rapidly as 
possible ; the mass was not moist to the touch, and could not be 
moulded, such being, as is well known, the degree of dampness which 
gas managers consider best for the absorption both of carbon dioxide 
and hydrogen sulphide gases. 


Serizs V.—Calcium Hydrate with 10 per cent. Water. 


Conditions of Time and Temperature as above. 


Weight of Weight of Gai Water Gas passed 
lime before. | lime after. . collected. | unabsorbed. 


grams. ms. grams. | gram grams. 
9 *3025 11 °739 2°4365 0-015 1°174 
11°739 11 *8275 0 -0885 00145 1 +2242 


The above results show, in a most marked manner, the effect of the 
presence of free as distinct from combined water, the percentage of 
gas absorbed being increased from 14°76 to 67°48 per cent. It would 
therefore appear that it is necessary for the reaction that both the 
hydrate and the carbon dioxide should be dissolved in the water, and 
the change is incomplete when the gas has only the chance of being 
dissolved in the water which it succeeds in driving out from the 
hydrate. 


Effect of Temperature. 


Though lime is inert towards carbon dioxide at ordinary tempers- 
tures, yet these substances might combine below the temperature of 
melting zinc, at which the converse change, namely, the resolution of 
calcium carbonate into lime and carbon dioxide, takes place. To 
examine this point, experiments were conducted at temperatures of 
about 100°, 200°, 300°, 352° (temperature of melting nitre) and 415° 
(temperature of melting zinc). Previous to conducting the first of 
each series of experiments the tube with the lime was heated to the 
same temperature in a current of dried and purified air, in order to 
drive over any water accidentally introduced. The duration of each 
experiment was four hours. 
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Series VI.— Quicklime. 
Mean Temperature, 104°. 


—_—_—— 


Weight of 
lime before. 


Gas passed 


unabsorbed. 


Percentage 


Weight of 
absorbed. 


lime after. Gain. 


gram 
0 -0585 
0°0158 


grams 
1°7324 


10 *234 
1 8169 


| fos 
10 °2498 


3°38 
0°69 


10°1755 
10 ‘234 | 


At this temperature, there is no appreciable absorption of the gas 


by the lime. 

As an incidental point, the absorptive power of the hydrate at the 
same temperature was examined in order to study the effect of the 
liberated steam in promoting the action. The results given below 
show that the dry hydrate is rather more active under these condi- 
tions than the same material at ordinary temperatures, but less active 


than the damp hydrate. 
Szries VII.—Calcium Hydrate, Ca(OH),. 


Mean Temperature, 102°, 


Weight of 
lime before. 


Weight of 
lime after. 


Gain. 


Water 
collected. 


Gas passed 


unabsorbed. 


grams 
10°502 
11°220 
11°417 


ms 
11°220 
11°417 
11 6792 


gram 
0°718 
0°197 
0°1265 


gram 
0 *3535 
0°1765 
0°1265 


grams 
1°896 

1 °0427 
1°2896 


In the first experiment of the above series, the passage of the gas 
was somewhat more rapid than in the others ; this may account in 
some degree for the greater percentage absorbed. 


Serres VIII.—Quicklime. 
Mean Temperature, 203°. 


Weight of 
lime before. 


grams 
10 4075 
10 °4628 
10 4918 


Weight of 
lime after. 


Gain. 


Percentage 
absorbed. 


grams 
10 °4628 
10 4918 
10 °5048 
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Serres 1X.—Quicklime. 


Mean Temperature, 290°. 


<a 


Weight of 
lime before. 


Weight of 
lime after. 


Percen 
uaa 


grams 
11 °5387 
11 5932 


Determination 


lost (approximate) 


Mean Temperature, 352°. 
Carnelley.) 


Serres X.—Quicklime. 


(Temperature of Melting Nitre, 


Weight of 
lime before. 


Weight of 
lime after. 


Gain. 


Gas passed 
unabsorbed. 


Percentage 
absorbed. 


grams 
8142 
8°66 


grams 
8 66 
8 *7682 


gram 
0°518 
0 “1082 


grams 
10973 
0 -8998 


82 °06 
9°06 


The results given in the above tables would seem to indicate that, 
under the conditions of experiment, the lime and carbon dioxide 
enter into combination to a slight extent at 290° and to a greater 
extent at 352°; a further set of experiments were accordingly con- 
ducted at the temperature of meliing zinc. 


Serres X1.—Quicklime. 


Weight of 
lime before. 


Weight of 
lime after. 


Gain. 


Gas passed 
unabsorbed. 


| 
| 
| 
| 
| 


grams 
10°75 
10 °6405 
11 °9655 
12 °4483 


grams 
1°234 
0 “8905 
0 °325 
0 4825 


grams 
1°2612 
1°3015 
1 *2525 
0 -8392 


The absorption of the carbon dioxide by the lime at this temper- 
ture is very considerable, though there can be no doubt that the 
actual temperature at which combination commences is influenced by 
the porosity of the lime, this, in its turn being conditioned by the 
degree of ignition to which the material had been subjected. It is 
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farther to be noted that the absorption is the more complete at that. 
temperature at which, according to previous observers, calcium carb- 
onate, when heated in a current of an inert gas, begins to decompose ;. 
my own results, for which dry hydrogen was used, were confirmatory 


on this point. 


Part IJ.—Liwe anp Su.psur Droxior. 


Historical. 


It is a familiar lecture experiment to show that sulphur dioxide gas, 
even when dried without any particular care, does not affect dry 
litmus paper. Schott (Dingl. Polyt. J., 202, 52) observed that dry 
calcium oxide and sulphur dioxide react at a temperature which is. 
above that of boiling water, but below a red heat; a sufficiently wide 
range ! 

Birnbaum and Wittich (Ber., 13, 651) showed that no combination 
took place below 400°; at the melting point of zinc there was a very 
rapid absorption of gas, and equally at 500°, but at this temperature 
the product decomposed into calcium sulphate and sulphide. These 
authors do not, however, give any details of a single quantitative 


experiment. 


Experimental Work. 


Accordingly experiments were conducted in greater detail by the 
methods and apparatus described. The sulphur dioxide was prepared 
in the usual manner from copper and concentrated sulphuric acid, and 
that portion of it which passed through the lime without absorption 
was collected in a small weighed glass vessel containing a strong 
solution of soda. For obvious reasons, the current of the gas could 
not be regulated to such a degree of nicety as in the case of the 
carbon dioxide; the duration of each experiment was four hours. 


Series XII.—Quicklime, CaO. 
Temperature, 12—13°. 


Weight of : Gas passed 
lime after. ' unabsorbed. 


grams 
7 3335 
4-088 
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Serres XIII.—(A Repetition of XIT.) 
Temperature, 14—14°5°. 


Weight of Weight of , 
lime aioe. lime after. Gain. 


grams grams gram 
7 673 7 “7397 0 °0667 
7 °7397 7 °7447 0-005 

7 7447 7 °7499 0 -0052 


The results given above show that at ordinary temperatures quick- 
lime does not combine with sulphur dioxide; the slight absorption 
in the first experiment of each series can be explained, as shown 
above, by the slight hydration of the lime in the processes of manipula- 


tion. 
By way of comparison, the experiments were repeated under the 


same conditions with a sample of the hydrate. 


Series XIV.—Calcium Hydrate, Ca(OH)>. 
Temperature, 18—20°. 


Weight of . Water | Gas passed 
lime before. ‘ collected. | unabsorbed. 


grams grams 
8 °567 ; ’ . 4 °568 
9 °6525 , . i 1 043 
9°919 ; : i 1°942 


In the second experiment of the above series, the passage of the gas 
was, by accident, rather slow, though the absorption was equal in 
amount to that in the first experiment. These results show that the 
absorptive power of the hydrate is, under the same conditions, 200 
times as great as that of the oxide. 


Effect of Temperature. 


Further series of experiments were conducted in order to ascertain 
the temperature at which these anhydrous oxides enter into combina- 
tion; the results are given in the tables below. 
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Serres XV.—Calcium Oxide. 
Temperature, 100—102°. 


Weight of 
lime after. 


Gain. | 


Gas passed 
unabsorbed. 


grams 
7 °7593 
7 “7798 


8 
1°87 
4569 


Series XVI.—Calcium Ovwide. 
Temperature, 200—204°, 


Weight of 
lime before. 


Weight of 
lime after. 


Gain. 


Gas passed 
unabsorbed. 


8 
5-987 
10°1317 
10°1597 


grams 
10 °1317 
10 °1597 
10°1692 


grams 
0°1447 
0 028 

0 °0295 


grams 
2°762 

1°6395 
1°8325 


Series XVII.—Calciwm Ozide. 


Temperature, 290—300°. 


Weight of 
lime before. 


Weight of 
lime after. 


Gain. 


Gas passed 
unabsorbed. 


Percentage 
absorbed. 


grams 
10°1692 
10 ‘3912 

. 10°5045 


grams 
10 *3912 
10 *5045 
10 :556 


grams 
1 +5825 
2°1755 
4°479 


Temperature, 352°. 


Series XVIII.—Calciwm Ozide. 
(Melting point of Nitre.) 


Weight of 
lime before. 


Weight of 
lime after. 


Gain. 


Gas passed 
unabsorbed. 


‘aoa 


grams 
8 “609 


grams 
9°1005 


gram 
0 °4915 


m 
0°675 


42°11 


The results detailed above show that there is practically no com- 
bination between, the oxides below a temperature of 300°, but that: it 
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commences to a slight extent at that point and is fairly complete at 
350°. In the last experiment it was observed that a small quantity of 
sulphur had sublimed on the cooler part of the tube. An experiment 
was conducted at the melting point of zinc, but under these conditions 
a considerable quantity of sulphur was formed, so that any weighing 
would not give accurately the amount of gas which had been absorbed, 
The lime at the end of the experiment contained both sulphide and 
sulphate, an observation in accordance with that of Birnbaum and 
Wittich (see above). The calcium sulphate formed, doubtless, decom- 
poses initially, according to the equation 


4CaSO, = 3CaSO, + CaS, 


and the sulphur dioxide acting on the sulphide produces the sulphuar. 
Under these circumstances it was not thought necessary to repeat the 
experiment or to examine the extent of the absorption at any higher 
temperature. 


Discussion of Results. 


In these and numerous other investigations, it has been shown that 
the presence of a trace of water produces an effect precisely similar to 
that of heat energy in inducing the combination of substances which, 
under otherwise similar conditions, are practically inert towards one 
another. The general effect of heat energy is the resolution of more 
into less complex combinations, and ultimately into the constituent 
atoms. Within recent years the hypothesis has been brought forward 
by a certain school of writers that substances in dilate solution are 
similarly resolved or dissociated into their constituent atoms or ions, 
as the case may be. If the hypothesis be of any validity, it might 
follow as a deduction that the presence of a trace of water causes one 
or both the reacting substances to enter into solution, and thereby 
become resolved into constituent atoms; chemical change is induced 
either by the combination of all or any of the substances present. 
The production of calcium carbonate would therefore result, not from 
the combination of lime and carbon dioxide, but from the elementary 
substances calcium, carbon, and oxygen. 

Further, it has been shown that the presence of a trace of water, 
sufficient to start the action, is insufficient to carry it on to its ultimate 
limit, even though water may be formed as a product of such a 
change, metallic oxides and hydrogen sulphide, for example. But if 
the reacting substances were decomposed into their constituents, it 
would follow that the less the relative mass of water the more con- 
centrated the solution and the less, therefore, the dissociation and, 
consequently, the less the amount of chemical combination. 

It may, however, be questioned whether the analogy of the effects 
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of heat and traces of water is not apparent rather than real. The 
mena can be explained equally by'an association or hydrate as 

a dissociation hypothesis, that, for example, sulphur dioxide com- 
pines with water to form its hydrate or sulphurous acid, and lime 
equally to form its hydrate, and by the interaction of these substances 
alcium sulphite is formed, and subsequently precipitated from solu- 
tion, leaving the water again to combine with the substances. After 
a time the water becomes more spread through the mass and thus 


becomes ineffectual. 
Conclusions, 

I. Carbon dioxide does not combine with dry lime to an appreciable 
extent below a temperature of 350°, nor at ordinary temperatures with 
incompletely hydrated lime; under the latter conditions, the addition 
of 10 per cent. water to the hydrate greatly increases the absorptive 
power. 

II. Sulphur dioxide does not combine with dry lime to an appreci- 
able extent below a temperature of 350°, at which point there is an 
incipient decomposition of the sulphite formed. 

There is a great similarity of behaviour between these two gases 
as regards the amount of them absorbed by lime at the same tempera- 
ture. 

III. Incidentally, it is noted that ordinary quicklime does not 
absorb nitrous fumes. 

It is proposed to continue these investigations in the case of chlorine 
and gases of an acidic character, 


The University Museum, 
Ozford. 


LITI.—The Boiling Point of Nitrous Oxide at Atmospheric Pressure, and 
the Melting Point of Solid Nitrous Oxide. 


By W. Ramsay, Ph.D., F.R.S., and J, Saizups, B.Sc., Ph.D. 


Liguip nitrous oxide is an admirable substance for producing and 

maintaining a low temperature. It has the great advantage over 

solid carbon dioxide, or a mixture of carbon dioxide and ether, of 

being as transparent as water ; and when filtered into a double-walled 

tube, the space between the walls of which has been exhausted to 
3L2 
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a high vacuum, it may be preserved for several hours in the liquid 
state without serious loss by evaporation. 

An investigation recently carried ont made it necessary to ascep. 
tain accurately its boiling point at atmospheric pressure. The only 
data on this subject are contained in a paper by Faraday, published jn 
1845 (Phil. Trans., 172), and one by Wills (J. Chem. Soc., 1874, 27, 
21), who gives the boiling point as —92°, and the solidifying point 
as —99°. Faraday measured the vapour pressures of nitrous oxide 
at pressures varying from 1 atmosphere to 33°4 atmospheres, by 
means of an alcohol thermometer. On testing his results, however, 
by means of the formula R’ = R + c(#’ — #), where R’ is the ratio 
between the absolute temperatures of nitrous oxide and some other 
substance (water for example) of which the vapour pressures are 
known, at some pressure, the same for both; R, the ratio at some 
other pressure ; c, a constant; and (¢’ — t), the difference between the 
absolute temperatures of one of the liquids (e.g., water), the value of 
e was found to vary within wide limits. As Ramsay and Young have 
shown that the relation holds with almost absolute accuracy for a 
great many liquids and solids, including among them dissociable 
substances, and even such substances as liquid oxygen (Phil. Mag., 
1885, 515), it was not to be expected that nitrous oxide should form 
the only exception to the rule. 

It must be remembered that both Faraday and Wills used an 
alcohol thermometer, of which the scale below 0° was graduated in 
Givisions equal in length to those above 0°; and that the coefficient of 
expansion of alcohol is certainly not aniform. Of this, Wills seemed 
t> be aware, as he remarks: “ The readings of alcohol thermometers 
at such low temperatures are, no doubt, somewhat untrustworthy ;” 
hence the necessity of a redetermination. 

A thermometer filled with hydrogen, carefully purified and dried, 
was employed; and readings of pressure were taken at constant 
volume. But although the stem was of fine capillary tubing, an 
error is introduced, inasmuch as the stem is not at the same tempera- 
tare as the bulb; the method of determining the temperature, how- 
ever, eliminated this source of error. 

The plan adopted was to read the position of the mercury in the 
capillary stem, when the bulb was immersed in water at atmospheric 
temperature; to raise it te about 100°, by covering it with cotton 
wool, and-exposing it to the steam of boiling water, and to read the 
increase of pressure of the gas ; and then to immerse it in the boiling 
nitrous oxide, and again to read the pressure, which, of course, is 
then reduced. Had the stem been at 100°, the pressure would have 
been higher than that actually read corresponding to the tempera- 
ture of the steam; and had the stem been at the boiling point of 


quid 
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nitrous oxide, the pressure read would have been lower than that 
actually read; or in other words, the rise of pressure for the tem- 
of the steam was not great enough; and the fall of 
ressure for the temperature of liquid nitrous oxide was not great 
enough; hence, assuming as accurate the temperature of the steam, 
that of the nitrous oxide can be calculated with a great approach to 
accuracy, on the assumption that the coefficient of expansion of 
hydrogen within these limits of temperature is uniform: an assump- 
tion which is exceedingly likely to be true. 

The error due to alteration of volume of the bulb by rise or by fall 
of temperature is also eliminated by this process. For, imagine the 
yolume of the bulb at 100° to be restored to that which it occupied at 
atmospheric temperature: the pressure would be slightly increased, 
owing to the contraction of the bulb; and, again, imagine the volume 
of the bulb at —90° to be restored to its original volume : the expansion 
would necessitate a slight lowering of pressure to keep volume con- 
stant. These corrections have opposite signs, and are proportional to 
the total differences of temperature between that of the atmosphere 
and of boiling water, or of boiling nitrous oxide; hence the fall of 
pressure due to the cooling of the hydrogen can be accurately cal- 
culated from the rise of pressure due to its heating. 

As this is an important point, and, as we think, indicates a new 
method of using a hydrogen or air thermometer, we deem it advisable 
to illustrate it by a numerical example. 

Suppose the middle temperature to be 20°, that of steam 100°, and 
that of boiling nitrous oxide —90°. Let a stand for the coefficient of 
expansion of hydrogen at 20° (= 1/293), and @ for the cubical coeffi- 
cient of expansion of glass, also at 20° supposed to be uniform. Then, 
as the rise of pressure, due to the expansion of gas from 20° to 100°, 
is proportional to the increase of temperature, 1t is proportional to 
80a; and, similarly, the fall of pressure from 20° to —90° is propor- 
tional to —110a, 

Similarly, the rise of pressure (a minute one) which would be pro- 
duced by the alteration of the volume of the glass bulb at 100° to its 
original volame at 20° is proportional to 808; and the fall of pres- 
sure from 20° to —90° is proportional to —1108. 

We therefore get the equation 


80a 808 


=Tl0az ~ —110p’ 


or, in words, the alteration of pressure due to expansion and con- 
traction of gas is proportional to the alteration of pressure due to 


expansion and contraction of glass. 
It is obvious that a similar correction might be made for the fact 
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that the hydrogen in the stem of the thermometer is not heated or 
cooled ; and that such a correction would also be proportional. Hence 
this method of determining temperature is an absolute one, the 
accuracy of which is conditioned only by the accuracy of readings of 
volume and pressure. 

The actual measurements are as follow :— 


I. Boiling Point of Nitrous Oxide. 


a. Rise of pressure when bulb was placed in steam 216°0 mm. 
Fall of pressure when bulb was placed in liquid 


Temperature of steam ......... Ceccccccccces 
Temperature of atmosphere (bulb in water).... 


—277°8 x (100-27 — 17)/216 = —107:1; and —107:1 — 17= -—90°1°. 


b. Rise of pressure when bulb was placed in steam 205°9 mm. 
Fall of pressure when bulb was placed in liquid 
INgO .cccccccccccccccces Ove cccccccccccccs 
Temperature of steam......... 
Temperature of atmosphere (bulb in water).... 


—282'7 x (100 — 20)/205°9 = —109-8; and —109:8 — 20 = —898°. 


c. Rise of pressure when bulb was placed in steam 2168 mm. 
Fall of pressure when bulb was placed in liquid 
NO .ccccccceses TITTTTTITTTT TTT TTT re 
Temperature of steam ........eceeeeeeeees ‘ 
Temperature of atmosphere (bulb in water).... 


—278 x(100-26 — 17°1)/216°8 = —106°6; and —106°6 — 17°1 
= —89°5°, 


The mean result of the three determinations is 89°8°. 

It should be observed that it is necessary to keep the nitrous oxide 
boiling vigorously during the reading of pressure, otherwise the 
liquid becomes superheated, and the temperature is read too high. 


II. Melting Point of Solid Nitrous Oxide. 


a. Rise of pressure when bulb was placed in steam 259°3 mm. 
Fall of pressure when bulb was surrounded with 
solid N,O 268'°2_ SC, 
Temperature of air (bulb in melting ice) 
Temperature of steam 


—268°2 x 99°13/259°3 = —102°5°. 


f 

| = SIR. cciducdceaied ankue bused . 8108 , 

gs of Temperature of steam,.............. soccsess MOF 
Temperature of atmosphere (bulb in water).... _ 17°1° 


8°, 


= ~ 
U 
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b. Rise of pressure when bulb was placed in steam 2168 mm. 
Fall of pressure when bulb was surrounded with 


—310°8 x (100°26 — 17°1)/216°8 = —119'2; and —119'2 —17+1 
= —102'1°, 


The mean result is —102°3°. 


The solid’ nitrous oxide was produced by covering the bulb of the 
hydrogen thermometer with cotton-wool, and dipping it into the 
liquid. On removing it, and blowing air on the surface, the liquid 
froze, and temperature fell, pressure falling concurrently. The 
lowest reading of pressure was taken as equivalent to the melting 
point of the solid. 


University College, 
London. 


LIV.—The Interaction of Alkali-Cellulose and Carbon Bisulphide : 
Cellulose Thiosulphocarbonates. 


By C. F. Cross, E. J. Bevan, and C. Brabus. 


Alkali Cellulose.—The effect produced by the interaction of cellulose 
and the alkali hydrates, in strong aqueous solution, has long been 
known under the term “ mercerisation ” (Crum, J. Chem. Soc., 16, 
466). Mercer, who first studied this action, showed that combination 
of the alkali and cellulose takes place in the ratio Cj,H»Ow : 2NaOH.* 
Although completely changed by water, the compound is only par- 
tially resolved by exhaustive treatment with alcohol, the alkali and 
cellulose remaining associated after this treatment in the ratio 
CHO»: NaOH (Gladstone, J. pr. Chem., 56, 247). On treating 
these alkali-celluloses with water, the cellulose undergoes hydration, 
its composition changing from C;,H»O1 to CyH»Ow,H20. The product 
exhibits an increased attraction for hygroscopic moisture, the normal 
percentage in the modified fibre being 10 as compared with 6—7 in 
the original. 


* In this paper, we retain the formula C,,H0j9 as the unit expression of the 
empirical formula of cellulose ; and by cellulose we mean cotton cellulose. 
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It is evident that in this action, certain of the OH groups of the 
cellulose molecule are brought into play; and the gelatinisation 
which is clearly.consequent on the formation of a colloid modification 
of the fibre attending the action, may be regarded as the preliminary 
stage of its dissolution. The investigations of which we proceed to 
give a brief account were prompted by these considerations, 

Cellulose Benzoates—The most obvious demonstration of a combina- 
‘tion of cellulose with the alkali hydrate in the “ mercerised”’ fibre is 
the treatment of the product with benzoyl chloride, according 
to the method proposed by Baumann (Ber., 19, 3218). Cellulose 
benzoates are, in fact, easily prepared by this method, but, as might 
be expected, it is difficult to obtain products of uniform composition. 
Determinations of yield, and analysis of the benzoates give numbers 
showing variations between the di- and tetra-benzoate. The maximum 
appears to depend on the concentration of the solution of alkaline 
hydrate employed; a solution of 15 per cent. of sodium hydrate 
determining a close approximation to the tetrabenzoate, but, as con- 
centration increases or decreases, from this point, there is a falling 
off in the degree of “ benzoylation.” Thus, using a solution containiny 
20 per cent. of sodium hydrate, numbers were obtained corresponding 
with the equation 2C,,.H»O + C;H,O, — H,0; and as the strength 
decreases on the other hand, the limit of “‘ mercerisation” and cor- 
responding reaction with the benzoyl chloride is soon reached. 

There are, however, certain hydrated modifications of cellulose 
which dissolve in solutions of the alkali hydrates, and from these we 
have obtained products of uniform composition. The gelatinous 
hydrates employed were those precipitated (a) by acids from solu- 
tion in ammoniocupric oxide; (b) by water from a solution of zinc 
chloride in twice its weight of concentrated hydrochloric acid (Chem. 
News, 63, 66). 

The following carbon determinations were made of products ob- 
tained from these celluloses, employing the method of chromic acid 
combustion (Trans., 1888, 53, 889) :— 

Corr. vols. 

I. 0°0840 gave 106°0 c.c, at 13°0° and 750 mm. 99°9 c.c. 
Il. 00922 ,, 1155 , 985 , 753 , 1100 ,, 
III. 00800 , 985 ,, 130 750 92:7 ,, 
IV. 00795 , 980 , 130 750, 92°5 ,, 
V. 00816 , 990 , 110 753 Cy, 946 ,, 


Whence the C percentages— 


Calculated for 
I II. III. IV. V Mean.  COyH 5.044. 


647 64°9 63°2 63°3 63:3 63°8 64°8 
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Specimens I and II give numbers in close agreement with the 
formula, the remainder approximate in composition to the tetra- 


benzoate. ' 
A product obtained from the cellulose hydrate b gave a similar 
result, namely :— 
Corr. vol. C per cent. 
0:088 gave 110 c.c. at 11° and 752 mm. 104°6 634 


Benzoates from hydrocellulose (Compt. rend., 81,1105) and from 
the so-called “‘soluble starch ” (J. Chem. Soc., 55, 449) gave similar 
empirical numbers. 

It is not our intention at the present moment to direct special 
attention to these compounds further than to deduce from them the 
conclusions they warrant as to the interaction of cellulose and the 
alkali hydrates. Of the six OH groups, which we may certainly assume 
in the formula C,,.H»O., two react readily and definitely with sodium 
hydrate; a second pair of OH groups are susceptible of the reaction, 
but not readily in the case of a fibrous cellulose; in certain gelatinous 
hydrates of cellulose, however, these four groups appear to be equally 
and simultaneously affected, and complete dissolution takes place. 
This evidence of the marked alcoholic reactivity of a cellulose led us 
to study the interaction of its alkali derivative and carbon bisulphide. 


Cellulose Thiosulphocarbonic acid. 


When cellulose, in any of its forms, is treated with a concentrated 
solution of sodium hydrate (12°5 per cent. Na,O), and the alkali 
cellulose thus obtained is exposed to the action of carbon bisulphide 
vapour, action ensues, and in the course of an hour or two a yellowish 
mass is obtained, which swells up enormously on treatment with 
water, and finally dissolves completely. This soluble compound is a 
cellulose thiocarbonate. 

The action proceeds rapidly when the agents are brought together 
in the ratio 


Ci2H 010 3 2Na,0 : 2C8, $ 30—40H,0. 


The most convenient conditions for laboratory experiment are with 
the alkali in the form of a 15 per cent. aqueous solution of the 
hydrate (11—12 per cent. Na,O), the proportion by weight of this 
solution being from 3°5 to 4 times that of the cellulose. 

The crude solution obtained by dissolving the product in water, 
and containing yellow bye-products (trithiocarbonate), yields the 
cellulose derivative in a pure state on treating it with saturated 
brine, or with strong alcohol. It is precipitated by the former in a 
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flocculent condition, by the latter in leathery masses, which may then 
be further washed with a 13 per cent. solution of sodium chloride o 
65 per cent. alcohol respectively. On redissolving in water, a 
almost colourless solution of extraordinary viscosity is obtained, 
which exhibits the following properties. 

a. Spontaneous Coagulation.—After standing for a period, depend. 
ing on the method of preparation and purification adopted, the 
solution “sets” to a firm coagulum of a hydrated cellulose, of the 
same volume as the original solution; the coagulum then shrinks 
gradually, becoming surrounded with a yellow alkaline solution 
(trithiocarbonate). During shrinkage, the cellulose retains the form 
of the containing vessel. 

b. Coagulation determined by Heat.—The solution may be evapo. 
rated to dryness in thin layers at temperatures not exceeding 50’, 
without sensible decomposition; the dry substance obtained being 
perfectly soluble. 

At 70—80°, however, the solution thickens rapidly, and at 80—90° 
the coagulation is almost instantaneous. These phenomena are due 
to the fact that the compound behaves as a product of association of 
cellulose, alkali, and carbon bisulphide, the coagulation above de- 
scribed being a dissociation of the compound into its constituents. 

c. Coagulation determined by Reagents.—From the foregoing, it will 
be evident that the regeneration of cellulose will be determined by 
reagents reacting either with the alkali or the sulphur group; thus 
acids and acid salts, sulphites and metallic oxides all increase the 
rapidity of decomposition. 


Characteristics of the Regenerated Cellulose. 


We have assumed that the cellulose is obtained in the main, un- 
changed from the solutions as above described, and this is generally 
true. It shows a general agreement with the normal cellulose in 
regard to resistance to hydrolysis and oxidation, and it follows, from 
what has been said, that it is similar in its capacities for hydration, 
and also generally in its physical properties. 

It differs somewhat in ultimate composition, as the subjoined 
analyses show :— 


I. 02070 substance, dry and ash free, gave 01144 H,O and 
0°3264 CO,. 
II. 0°1110 gave 93°3 c.c. gas at 17° and 755 mm. | Chromic acid 
ITI. 0:0952 ,, 800cc. , 17° ,, 755 ,, method. 


Calculated for 

II. III. 2C 2H 90 i9,H20. 
42°9 43°2 
— 63 


—— CO 
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nay then From the above, it appears that the carbon percentage is somewhat 
loride or reduced, and it is to be noted also that the attraction of the product 
ater, an for moisture is increased, the normal hygroscopic moisture of the re- 
btained covered cellulose amounting to 10 per cent. as compared with 7 per 


cent. in the original cellulose. The original molecule therefore 
appears to have undergone hydration in the ratio 2C;.H»0,0,H,0, and 
we find that, like many other hydrates of the normal celluloses, it 
gives a blue coloration with iodine. 

We have also observed constitutional features differing from those 
of the normal type, as indicated by exceptional behaviour in inter- 
actions such as those which determine solution and the production of 
the ethereal derivatives. But on these points we reserve specific 
statements for our next communication. 


being = i 

Composition and Constitution of the Product. 
)—90° The constitution of this cellulose derivative is foreshadowed (1) by 
e due the conditions of its formation, (2) the circumstances, as well as the 
ion of products, of its decomposition, which, under regulated conditions, are 
e de- the original agents, that is, the alkali and carbon bisulphide* and a 


form of cellulose preserving all the chemical characteristics of the 


original. 
1 by In the original action, we have the following proportions : 
th 
- Cellulose. Na,0. S as CS». 
100 31 39 


In the product purified by alcohol, this ratio becomes (average of 
several analyses) 


un- 
ally Cellulose. Na,O. S as CS,. 

in 100 19 20 
- By again dissolving and precipitating, either by alcohol or brine, 
= we continue the hydrolysis, and the ratio becomes 

ed Cellulose. Na,O. S as C8. 

100 45 
id In other words, the ratio Na,:S, appears to remain constant, 


although continuously diminishing in proportion to the cellulose. 
The fact that a series of stages may be recognised, and that the pro- 
duct is soluble even when the ratio of cellulose to alkali and sulphur 


* This statement is intended to cover the general features of the reaction. It 
will be noted below that the cellulose regenerated from the solution is differentiated 
somewhat from the original; and as regards the “ inorganic” products, these are 
not obtained free from products of their interaction. 
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attains the low limit above indicated, shows that the acting unit of 
cellulose is not constant, and may become a molecule of very consider. 
able proportions, at least 4C,,H» Ow. 

The constitution of the derivative may be expressed by the general 

Ox 
formula CS<ona ; 
is, the acting residue. This is, however, not a cellulose residue pure 
and simple, but an alkali-cellulose; a fact which is to be expected 
a priori, and is proved by treating the solution with benzoyl chloride, 
when cellulose is eliminated as a cellulose benzoate. 

The f 1 P -O*(X-ONa) 
e formula, therefore, may be written CS< SNa 
will be seen to be in harmony with the analytical data given above. 

The compound may therefore be described as the sodium salt of 
alkali-cellulosexanthic acid. 

The solutions of the compound give bright yellow precipitates with 
mercury and zinc salts and a more orange-yellow with lead salts. 
Moreover, as stated above, the purified compound, in presence of a 
certain quantity of water, changes spontaneously into a cellulose, 
alkali, and carbon bisulphide, which confirms this view of its constitu- 
tion. Further, the solutions are precipitated by iodine, the pre- 
cipitate being a thio-derivative which can readily be redissolved with 
formation of the original compound. This action, carried out quan- 
titatively, gives fairly constant numbers. The general equation ex- 
pressing the formations of derivatives of the group is 


Ox XO OX XO 


X representing the variable cellulose unit, that 


, Which 


with a ratio I,: 8., S, representing one-half the total sulphur of the 
xanthate. The ratio we obtain is in excess of this by exactly oue- 
half, that is, 31, : 4S,, 4S, representing the total sulphur of the cellu- 
lose xanthate. It appears, therefore, that the sodium atoms in the 
alkali-cellulose residue also react, O being fixed, and this is borne out 
by the fact that the precipitated compound is free from sodium, 
and also that it readily redissolves in dilute alkaline solutions, the 
presence of a reducing agent not being necessary. 

The only conclusion to be drawn from this consensus of evidence is 
that which we have already expressed in anticipation, namely, that 
the cellulose derivative is the thiosulphocarbonate of an alkali-cellu- 
lose radicle. 

The alternative hypotheses, that we are dealing with a mono- or 
tri-thiocarbonate, are a priori very improbable, and, moreover, incon- 
sistent with most of the evidence given above. They are rendered 
still more improbable (1) by the observations that no such action as 
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that described occurs with alkali-cellulose and carbon oxysulphide ; 
and (2) there is no evidence whatever of a union of a sulphur atom 


with the cellulose residue. 


neral On the other hand, the formation of cellulose thiocarbonates sug- 

- that ts the probable existence of the carbonic ethereal salts of cellulose 
or cellalose-carbonic acid, and the proof of its formation would throw 

pure light on the function of cellulose in the plant and the general physio- 

cted logy of the plant cell. 

ride, The foregoing is submitted only as a preliminary general survey 
of anew group of compounds; it is obvious that many developments 

hich are suggested by these observations, and we are engaged in following 


them up. 


Constitution of Cellulose. 


In conclusion, we submit a few notes on the present position of our 
knowledge in regard to the molecular constitution of cellulose. 

The foregoing results still further differentiate the celluloses of the 
cotton type from the arches. It has been usual to regard these two 
natural groups as similarly constituted. Franchimont has summed 
up this view im regard to cellulose, by formulating the process 
of its formation as nC,H,,0,,(n—1)H,O, expressing an anhydro- 
aggregate of groups of comparatively low molecular weight, namely, 
dextrose. It should be recognised, however, that no simple hydrolysis 
of cellulose of this type has yet been observed; on the contrary, 
evidence is accumulating for the general conclusion that we have in 
cellulose a unit of large dimensions, resisting hydrolytic influences 
until the conditions are of a degree of intensity calculated to affect 
the carbon groups or nuclei themselves. We have for a long period 
based our investigations on the consequent assumption that progress 
is still to be sought in the direction of the compounds or synthetical 
derivatives of cellulose. The further study of these is certainly 
throwing light on the functions of its active oxy-groups, and, when 
this information is more complete, we may hope to proceed to the 
more regulated dissection of the cellulose molecule which is required 
for the systematic elucidation of its constitution. 

Further investigations of the cellulose acetates and benzoates have 
shown that the hexa-derivatives (C,, formula) are not the highest 
obtainable. We have confirmed the results of our former paper 
(Trans., 1890, 5'7, 1) in regard to the acetates, obtaining by Franchi- 
mont’s method of acetylation (Ber., 12, 2019), generally an octo- 
acetate, but sometimes according to the analytical results, a higher 
degree of acetylation approximating to a deca-acetylated compound. 
Moreover, on boiling the tetrabenzoates previously described with 


$44 THE INTERACTION OF ALKALI-CELLULOSE, ETO. 


acetic anhydride and sodium acetate, a derivative is obtained wh ich 
gives constant results in regard to yield (108 per 100 of the benzoat e), 
hydrolysis number (31'9 per cent. Na,O), and carbon percentage 
(57°4), and appears from these numbers to be a dibenzobexacetate, 

If on this evidence we assume that four out of every five atoms of 
oxygen in the cellulose molecule fanction as OH, the formal 
becomes, in its simplest terms, C,H,O(OH),, involving the hypo. 
‘thesis of a closed carbon ring. If, on the other hand, the increase of 
OH groups in the course of certain reactions, in the number bey ond 
the number ordinarily assumed, be due to the hydration of CO groups 
to C(OH),, such actions would involve a considerable breaking down 
of the molecule, taking the ordinary view of cellulose as a condensed 
aggregate of the type proposed by Franchimont (loc. cit.). 

We endeavoured to test this point by determinations of freezing 
point depression carried out on a series of nitrates, acetates, and 
benzoates, using glacial acetic acid as the solvent, but the observed 
depressions were abnormally high, and showed such variations as to 
render them altogether valueless as evidence on the point in 
question. 

It was after failure in this that we reverted to the task of breaking 
ground in new directions, of which the preparation of thio-deriva- 
tives lay first to hand. The actions described above, which are the 
result of this endeavour, may be viewed with disappointment by 
those who have formed a priori conclusions regarding the constitu- 
tional problem in question, and as to how the molecule of cellulose 
should be broken up into compounds of lower molecular weight and 
of simple relationship to the parent molecule. In the continued ab- 
sence, however, of contributions in this direction, a new light thrown 
on the chemical functions of the molecule, as a whole, is not un- 
welcome, more especially as it affords some explanation of the 
difficulty of finding methods of simple resolution. 

Whilst, however, the celluloses of the cotton type continue to 
manifest resistance to simple hydrolysis, even when the conditions of 
oxidation or of deoxidation are superadded, the more extended in- 
vestigation of the cellulose group is bringing to light an increasing 
number of instances of such constituents of plant tissues yielding 
more or less readily to hydrolysis (E. Schulze, Ber., 22, 1192; 23, 
2579; and 24, 2277). We ourselves drew attention, some years ago, 
to a group of fibrous celluloses, namely, those obtained from the 
Graminesw, differentiated from the normal type by characteristic 
reactions with aniline salts, and by yielding readily to acid hydrolysis, 

affording furfuraldehyde and acetic acid. The carbohydrates investi - 
gated by Schulze yield crystallised carbohydrates of lower molecular 
weight, such as galactose, mannose, dextrose, and, in some cases, 
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arabinose or xylose. They are therefore to be regarded as anhydrides 
of these carbohydrates of greater or less ‘complexity, and in relative 
simplicity, on the other hand, as extreme members of the cellulose 
gries, expressed by the term hemicellulose, assigned to them by 
Schulze. It is also to be noted that these compounds constitute for 
the most part the cellular celluloses of seed tissues, and fulfil a very 
different physiological function from that of the fibrous celluloses. 

We content ourselves with the bare mention of these developments 
with the view of indicating the directions in which the cellulose series 
is being investigated, and our intention of applying the thiocarbonate 
reaction to the further investigation of typical members of the 
series. 

Lastly, such extreme resolutions of cellulose as that studied by 
W. Will (Ber., 1891, 400), who obtains hydroxypyruvic acid as the 
main product of the alkali hydrolysis of the nitrates of cellulose, 
and the decomposition by “fusion” with alkali hydrates, a change 
from which acetic acid results as the main product (Cross, Bevan, 
and Isaac, J. Soc. Chem. Ind., 11, 966), are further illustrations of the 
many-sided cleavages of which the cellulose molecule is susceptible. 

It is evident that much more work requires to be done in this very 
extensive group of compounds before any systematic account can be 
given of them in terms of the modern science. 


LV.—Products of the Action of Nitric acid on Tin. 


By C. H. H. Wacker, Lecture Assistant, University Museum, 
Oxford. 


Introduction by V. H. Veuery, 


Iy continuation of my investigations on the reactions of metals with 
nitric acid, it was thought that those of metallic tin, though known 
in a general way, had not, as yet, been fully investigated. 

From preliminary experiments, it appeared that the dissolution of 
metallic tin, unlike that of copper, mercury, &c., did not depend on 
the presence and continual formation of nitrous acid, and, further, 
that the chemical change was not affected by the presence of ammon- 
ium or hydroxylamine salts produced in the course of the action. 
Accordingly, at this point, I suggested to Mr. Walker that he should 
examine the amounts of the products containing tin as dependent on 
the conditions under which the metal is dissolved. 
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. Historical. 


Robert Boyle, in 1670, remarks that aqua fortis eats up or destroys 
more tin than it dissolves, and that it will readily throw down 
nearly all the tin in solution. Berzelius (Scheigger’s Journal, 6, 
290) observed that the oxide of the fuming liquid of Libavins 
(stannic oxide) dissolves in nitric acid, forming a neutral solution, 

- from which, when it is warmed, a gelatinous substance separa'es 
without any evolution of nitrous fumes taking place. It wonld 
seem that Berzelius considered that a saline nitrate was at first 
formed, but that the gelatinous precipitate was only the hydrated 
oxide. 

Hay (Chem. News, 32, 298) showed that dilute nitric acid com. 
pletely dissolves tin, forming a yellow solution, but he did not further 
examine its composition. 

The object of these experiments is to determine the relative quan- 
tities of stannous and stannic compounds produced when tin is dis. 
solved in nitric acid of varying strengths. It has been shown pre- 
viously that this metal dissolves in very dilute nitric acid, forming a 
clear yellow or straw-coloured liquid, which is decomposed on boiling 
(Hay). The salt of tin which is present is presumably stannous 
nitrate, but this salt has not yet been separated in the solid form. 
As the concentration of the acid increases, according to the generally 
received opinion, stannic nitrate is formed, and on using still stronger 
acid, the tin is completely oxidised into metastannic acid. No 
attempts seem to have been hitherto made to determine the conditions 
which limit the formation of stannous and stannic salts, and pre. 
sumably of metastannic acid. It was with a view of elucidating 
these points that the following series of experiments were under- 
taken. Since they were commenced, however, Montemartini (Gazzetta, 
22, 384), who has repeated the experiments of Acworth and Arm. 
strong, of Veley, and others, on the action of nitric acid on metals, 
has touched on this subject, and concludes that the tin and nitric acid 
yield both stannous and stannic nitrates, the latter separating as a 
white turbidity when acid of about 45 per cent. concentration is used. 
From analyses which we quote, Montemartini considers that the sub- 
stance formed initially is stannic nitrate, Sn(NO,),, but that this de- 
composes with greater or less rapidity, forming the dioxide, so that 
the actual product consists of the nitrate and the dioxide in propor- 
tions varying according to the time elapsing between its formation 
and the analysis. These points will be further discussed in the 
sequel. 

Nitric acid.—The acid employed was pure nitric acid of sp. gr. 1°42, 
which was diluted with water to different extents. The diluted acids 
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thus obtained were then titrated with a standard solution of soda, 
using litmus as an indicator. Among the acids employed were the 


HNO; in 1 c.c. 


The metal used in most of the experiments was pure granulated tin, 
but in some few cases cylinders of pure tin were employed. 

Method of Experiment.—This, in each case, was as follows. A small 
flask holding about 300 c.c. was fitted with a cork through which 
passed a tube long enough to reach the bottom of the flask, and a 
shorter one as an outlet. This flask was placed in a water-bath, the 
temperature of which was kept constant within a tenth of a degree 
by means of a Harcourt’s gas regulator, provided that the tempera- 
ture required was above 15°. 450 c.c. of the acid were introduced into 
this flask; it was then left for a short time till the temperature was 
constant, a current of carbon dioxide being continually passed into it, 
which served both to agitate the liquid and td prevent the oxidising 
action of the air. When the temperature became constant, a weighed 
quantity of the metal was introduced, and the whole allowed to stand 
until dissolution was complete, readings of the temperature being 
taken at intervals. When all, or nearly all, the metal was dissolved, 
the contents of the flask were rapidly washed into a 500 c.c. flask, 
previously filled with carbon dioxide, and the whole diluted up to the 
mark; this solution was then titrated, and the amount of stannous 
salt was estimated by means of a standard iodine solution, a method 
found to give satisfactory results. 

The results obtained are calculated in terms of the metal and given 
as a percentage of the tin acted on by the acid. In some few cases, 
all the tin was not dissolved; then the residual metal was carefully 
collected, washed, dried at 100°, and weighed. This weight was then 
subtracted from the weight of tin introduced, thus giving the amount 
of tin which had entered into solution. 

In all the determinations, the solution of tin salts formed was not 
allowed to remain in contact with the excess of nitric acid any longer 
than was necessary to dissolve the metal. Oxidation of the stannous 
salt by the nitric acid was found to be fairly rapidly effected; this 
particularly applies to the more concentrated acids at the higher tem- 
peratures. Series of experiments were conducted with a view of 
determining severally the effect produced by alteration of condi- 
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tions of (i) mass of metal; (ii) temperature ; (iii) concentration of 
acid. 

I. Mass of Metal.—The weight of tin taken was increased from 1-0 
up to 40 grams, with 50 c.c. of acid, 1 c.c. of which contained 
0°20 gram HNO. 


: Percentage of tin 
Mass of tin. on shemmans ath. Temperature. 


1°0886 grams 70°35 
2°1663 _—sé=e, 69°75 
3°3138__s,, 70 °2 

4°2552 ,, 65°88 


.» Series 2.—Acid 1 c.c. containing 0°40 gram HNO. 


, P f ti 
Mass of tin. prepares cab fm Temperature. 


1°0497 grams nil 13 “5° 
4°4628_,, nil 14°0 
6-438, 1°48 13 °0 


These results show that the mass of tin present has very little effect 
on the quantity of stannous salt produced, although the last experi- 
ment with the more concentrated acid seems to show that increase 


in the mass of tin present causes a slight increase in the quantity of 


stannous salt formed. 


Il. Effect of Temperature.—The following series show the effect of 


change of temperature. 


Acirp ITI.—1 ¢.c. contains 0°14 gram HNO). 


‘ ’ Percentage of 
Mass of tin. ceanaes enh. Temperature. 


77°23 
77 ‘14 
77 87 
77°40 
71°74 
71°98 


LS Bell aed 


2S 
™ @ <I bo bo 
SodaSS 


ACTION OF NITRIC ACID ON TIN. 


Aci III.—1 c.c. contains 0°20 gram HNO. 


Mass of tin. 


Pereentage of 
stannous salt. 


Temperature. 


100 °0 
89 °152 
70°3 
45 °5 

2-603 


Aci IV.—1 c.c. contains 0°316 gram HNO. 


Mass of tin. 


Percentage of 
stannous salt. 


Temperatur . 


‘178 grams 
"804 ,, 
"100 _~=—,, 
4475 ,, 


70°981 
58°38 
7°431 
nil 


Acw V.—1 c.c. contains 0°41 gram HNO). 


” Mass of tin. 


Percentage of 
stannous salt. 


Temperature. 


27 °09 
nil 


3° 
13 


From these tables it will be seen that the effect of raising the tem- 
perature is much more marked on the more concentrated acid than 
on that of about 30 per cent., but the general tendency is that the 
oxidising action of the nitric acid proceeds farther at the higher tem- 
perature, forming a larger percentage of stannic salt. 

Ill. The Effect of Concentration of Acid.—The following table 
(p. 850) give the results obtained. Acid used contains z gram HNO; 
in 1 cc. 

It is evident that the percentage of stannous salt formed decreases 
slowly with the increase of concentration till about 20 per cent. acid 


* The small quantity of tin dissolved in the first experiment of this series is 


owing to the difficulty of inducing chemical change at so low a temperature. 
3 m2 
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Series I.—Temperature, 0°. 


Percentage of 


Mass of tin. stannous salt. 


Temperature. 


0°715 gram 
1°178 grams 
1596, 

. aoe 


Series I].—Temperature, 12—14°. 


Percentage of; 


stannous salt. Temperature. 


Mass of tin. 


77°23 

70°3 

58°38 
nil | 


Series I]1.—7Zemperature, 21°2°. 


Percentuge of 


Mass of tin. stannous salt. 


77 ‘87 
75 06 
7 °431 


1°0735 grams 
1°203 i, 
1°100 


| 
| 
0°8417 gram | 77°2 


is reached. Then the rate of decrease becomes more rapid, and from 
30 per cent. the amount of stannous salt rapidly decreases to zero, 
which point, of course, varies with different temperatures. 

In most of the cases already mentioned, the metal passes completely 
into solution, giving a clear yellow liquid, but as the temperature 
rises and the concentration of the acid increases, a white or yellowish- 
white precipitate is formed, which can be separated by filtration only 
with great difficulty. 

In an experiment made with 1:049 grams of tin and 50 c.c. of No. V 
acid, for example, there was clearly no stannous compound present, 
as when a drop of iodine solution was added to the slightly alkaline 
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solution of the salt and then a little starch, the characteristic 
blue colour was produced ; and when excess of iodine was added, a 
quantity of thiosulphate was required to titrate it equivalent to the 
amount of iodine added. The ordinary qualitative tests also gave 
indications of stannic compounds. From this solution, however, on 
standing a short time, a thick, gelatinous precipitate separated. On 
digesting the metal with nitric acid of sp. gr. 1:42 at the ordinary 
temperature of the laboratory, a somewhat violent action takes place, 
nitrous fumes being evolved, a white powder remaining. Hitherto it 
has been stated that this powder is metastannic acid, a hydrated oxide 
of the formula H,Sn,;0,;. 

Montemartini (see above) holds the view that this powder is really 
stannic nitrate, Su(NO;),, which decomposes on contact with air. On 
this point the following experiments were made. The metal was 
digested with excess of nitric acid (containing 70 per cent. HNOs) in 
a flask, placed in a water-bath at the temperature of the air, and the 
white powder obtained rapidly filtered by means of a filter pump, 
washed with a little dilute acid, and in some cases with a small 
quantity of absolute methylated spirit to free it from the nitric 
acid. 

The white residue was soluble in water, hydrochloric acid, and 
concentrated sulphuric acid, slightly soluble in alcohol, and insoluble 
in concentrated nitric acid. Its aqueous solution gave all the re- 
actions of a stannic salt; when boiled for some time, it deposited a 
white, gelatinous precipitate, as observed by Berzelius. 

When preserved in a vacuum, even for several weeks, the substance 
gave off nitrous fumes when heated, thus showing that it contained a 
nitrate, and was not entirely a hydrated oxide of tin. Numerous 
analyses were made of the substance, but the results were far from 
concordant; the average value for the percentage of the dioxide was 
68 per cent., which would correspond most nearly with a formula, 
Sn(NO;)(OH);, requiring 649 per cent. of the dioxide. Judging 
from Montemartini’s observations, it is probable that the substance 
decomposes slowly, and its composition would vary not only with the 
time elapsing between its production and analysis, but also with 
the method of purification adepted to eliminate the adhering nitric 
acid. 

The conclusions which may be drawn from the above observations 
are as follows :— 

1. Metallic tin dissolves in nitric acid, forming both a stannous and 
a stannic salt, according to the conditions of temperature and the con- 
centration of the acid. 

2. The proportion of stannous salt formed is bat little affected by 


the mass of tin present. 
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3. In the case of very dilute acids, increase of temperature canses 
a slight decrease in the proportion of stannous salt, but in the case of 
more concentrated acid, the effect is more marked, so that an altera- 
tion of 10° reduces the amount of stannous salt to nil. 

4. Increase of concentration of acid, other conditions remaining the 
same, decreases the amount of stannous salt. 

5. The white or yellowish-white substance deposited from fairly 
concentrated solutions is a hydrated stannic nitrate of rather indefinite 
composition. 

This investigation was conducted in the Chemical Department of 
the University Museum, Oxford. 


LVI.—A New Diagram and Periodic Table of the Elements. 
By R. M. Dez ey, F.G.S. 


Ir has been shown that almost all the physical and chemical proper- 
ties exhibited by the elements of low atomic weight recur periodically, 
in a slightly modified degree, in elements higher in the atomic scale, 
and a number of tables and diagrams have been drawn to illustrate 
this “Periodic Law.” Of these periodic tables, that given by 
Mendeléeff, in his Principles of Chemistry, seems to be the most 
satisfactory. In it he has boldly assumed the possibility of the existence 
of a number of elements which have not yet been isolated, and by 
leaving spaces for them, has been enabled for the first time to group 
the elements in a fairly satisfactory manner. In this table (I, p. 863), 
the elements are placed in eight vertical groups and twelve horizontal 
rows or series; the atomic weights reading regularly from left to 
right. The first seven elements (or spaces for predicted elements) of 
each series are spaced so that the elements of the odd series form 
the right-hand columns of the groups and the elements of the even 
series the left-hand columns. The last group contains the remaining 
elements of the even series. Unless this separation of the groups 
into two columns be effected, the grouping is not very satisfactory, 
for the elements of the odd series are generally much more closely 
allied to each other than they are with those of the even series, and 
vice versd. 

In his Modern Theories of Chemistry Lothar Meyer gives a 
diagram in which the abscisse are atomic weights and the ordinates 
atomic volumes. When the “‘atomic volumes”’ are thus plotted, the 
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lengths of the ordinates are found to increase and diminish periodic- 
ally with considerable regularity as the atomic weight rises, and 
lines drawn through the summits of the ordinates form irregular 
curves. 

On comparing Lothar Meyer’s diagram with Mendeléeff’s table, 
a striking agreement is manifest between the periodic waves and the 
division of the elements into groups and series, the series representing 
the rising and falling curves of the periodic waves, and the groups 
elements occurring in similar positions on the several curves. 

Although the work of Mendeléeff has placed the periodic law on 
a frm foundation, and the discovery of several of the elements predicted 
by him has proved the general soundness of his conclusions, there are 
still many weak points in his system, more especially in the arrange- 
ment of what he calls the “typical elements.” Some authors have, 
indeed, gone so far as to maintain that the elements of lower atomic 
weight than sodium ought more properly to be called “ anomalous 
elements.” In his generalisations, Mendeléeff treats the elements of 
Series 2 apart from the other elements, placing them, |it would seem, 
in their positions in the table for reasons of symmetry. For instance, 
hydrogen can scarcely be said to be typical of the other odd series 
elements of Group I, or lithium of the even series elements of the 
same group. Again, beryllium is more closely allied to magnesium 
than to calcium, boron rather to aluminium than to scandium, carbon 
more to silicon than to titanium, nitrogen to phosphorus rather than 
to vanadium, oxygen more to sulphur than to chromium, and fluorine 
more to chlorine than to manganese. I make these references to 
Mendeléeff’s table, and to Lothar Meyer’s diagram, as, in the present 
paper, I propose describing a diagram constructed on somewhat 
similar lines, and also a table based upon it which appears to afford 
a classification of the elements more in accordance with their chemical 
and physical properties. 

Although the regularity with which the ordinates vary in Lothar 
Meyer’s diagram is very striking, the lines joining their summits do 
not form very regular curves. This might result from the inexact- 
ness of our data concerning the relative densities of the elements 
ina pure state ; or what is more likely to be the fact, that some correc- 
tion should be made in the figures for the temperature as compared with 
the melting point. The diagram I shall describe (Diagram 1, p. 858) 
is constructed in much the same manner as that drawn by Lothar 
Meyer, but the periodic variations of some other of the physical 
constants of the elements, that are marked by even greater regularity 
in their periodic variations than are the atomic volumes, are plotted 
upon it. The two constants, the periodic changes in the values of 
which with increasing atomic weight I shall call particular attention 
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to, are deduced from the atomic weight, the relative density, and the 
specific heat. These constants are called the volume heats and volwme 
atoms. 

The volume heats are the quantities of heat required to raise equal 
volumes of the elements, in the solid condition, through equal tem. 
peratures, whilst the volume atoms give the relative numbers of 
atoms in equal volumes. 

The term “volume atoms” was used by Berzelius to imply that 
one volume in the gaseous state corresponds with one atom ; but the 
more correct generalisation of Avogadro has rendered this meaning 
obsolete, and as the term never came into general use, it may, I 
think, be revived without leading to misconception. 

Of the three pbysical constants, atomic weight, relative density, 
and specific beat, the density is the only one which changes periodic- 
ally with increasing atomic weight. Unlike the relative density, the 
specific heat does not vary periodically. On the other hand, the 
relative density, in addition to increasing rapidly with increasing 
atomic weight, is a markedly periodic value. To satisfactorily and 
graphically illustrate this periodicity of the relative density, the 
regular increase of density resulting from increasing atomic weight. 
must be eliminated from the ordinates. This is accomplished by 
making them volume atoms. 

It will be seen when we come to consider in detail the periodic 
curves obtained by plotting the volume heats on the diagram that 
they give even more regular curves than do the volume atoms. 

In all cases, the relative densities and specific heats have been 
taken in the solid state, so that the comparisons may be made 
throughout in the same physical conditions. 

As many of the elements are known to exist in two or more allo- 
tropic forms having different specific heats or densities, the same 
element may have more than one volume heat or volume atom. The 
most stable form at ordinary temperatures and pressures is generally 
that form the volume heat and volume atom of which agree most 
nearly with the values obtained for neighbouring elements. This 
form is regarded for convenience as the normal form. 

In Table IV, pp. 866—867, are given the determinations of atomic 
weights, relative densities, and specific heats which have been ased 
in constructing the diagram ; also the volume heats, volume atoms, 
and classes. 

The relationships between the atomic weights, specific heats, 
relative densities, volume heats, volume atoms, and atomic heats are 


shown by the following equations. 
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1 
atomic weight + relative density 
_ relative density 
atomic weight — 
Volume heats = relative density Xx specific heat. 
volume heat 
volume atoms 


Volume atoms = 


Atomic heat = 


The atomic heat, according to Neumann, is very little altered when 
the element enters into combination with other elements. 

Athough the periodic variation of the volume heats and volume atoms, 
and their close agreement the one with the other, can be well seen by 
an inspection of Table 1V, pp. 866—867, the figures have been plotted 
on Diagram | in a manner similar to that adopted by Lothar Meyer, 
Such a diagram enables the mind to grasp the numerous relationships 
between the various figures plotted on it much more clearly and 
certainly than does a table, but it need only be regarded as a means 
of visually impressing upon the mind quantitative relationships which 
might otherwise pass unnoticed, and thus enable the full significance 
of the figures to be grasped with greater ease. 

On Diagram 1, p. 858, the abscisse are atomic weights and the or- 
dinates are volume heats and volume atoms. To enable a close com- 
parison to be made between these two values, the volume atoms have 
been multiplied by 6:1. By this means, the two sets of ordinates are 
brought approximately to the same scale. Of course 6:1 is really the 
mean atomic heat of Dulong and Petit, and the distance between the 
small circles on the diagram which indicate volume atoms and the 
small spots which indicate volume heats is a measure of the error of 
Dulong and Petit’s law. When the volume heats and volume atoms 
are almost identical, the spots have been surrounded by circles. 

When the ordinates had all been plotted on the diagram, it was 
evident that although there were some notable exceptions, the 
ordinates of the majority of the elements fell very near to certain 
periodic straight lines indicated by the large odd numerals, or 
periodic curves indicated by the large even numerals: the lines 
and curves making 11 series following each other alternately with 
great regularity, and forming periodic waves. As the volume heat 
ordinates seemed to vary more regularly than the ordinates of the 
volume atoms, the curves and lines were drawn in to the volume 
heats alone. In the diagram thus obtained, the regular nature of the 
periodic change in the physical properties of the elements with in- 
creasing atomic weight is brought out much more clearly than they 
are by atomic volume curves. It is possible that to obtain a regular 
diagram uf volume atoms, some correction should be made for tem- 
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perature reckoning from the melting points. This correction for 
changes due to temperature is in some measure effected in calculating 
the volume heats, for, as a rule, the specific heat increases, whilst the 
density decreases, with rise of temperature. 

Before drawing in the curves of the even series (indicated by the 
large even numerals), the reciprocals of their ordinates were plotted 
in to a different vertical scale for convenience, and as they proved to 
fall very near the straight dotted lines indicated by the smaller 
numerals 2—2' to 10—10’, the curves were finally drawn with straight 
lines as reciprocals. It will be noticed that the points marked x’, 
where the curves cross the lines 2—2’ to 10—10’, are almost 
exactly equal to distances apart on the atomic scale. In the case of 
mercury, the volame heat ordinate may be too small, owing to the 
fact that the density in the solid state has been taken without cor- 
rection. Had the ordinates of this element and bismuth been 
ignored, the agreement would have been almost perfect throughout 
the scale at the ordinates whose length is about ./ 0-1. The curves and 
straight lines of the diagram were put in before this and some other 
relationships were recognised, or they might have been made more 
geometrically perfect, as shown on Diagram 3, p. 862, without un- 
duly departing from the positions indicated by the ordinates of each 
series. The straight lines of the odd series cannot be so regularly 
arranged, owing, probably, to our want of exact knowledge concern- 
ing the relative densities and specific heats of many of the rare 
elements. The third, fifth, seventh, and eleventh series do approxi- 
mately occupy positions which are multiples of a common number, 
but the first and ninth are not in agreement with them. At first 
sight, one would be led to think that the space occupied by. the 
curve of the eighth series is really a natural blank in the atomic 
series, but until we have a more accurate knowledge of the physical 
constants of the rare elements, no opinion on this point can, with 
safety, be expressed. 

It has been pointed out to me that what I have called the lines 
and curves of the odd and even series may really be portions of a 
series of continuous curves such as would be given by the equation 


y= a This would be the equation of a hyperbola multiplied 


by an exponential factor. 

Some support is given to this view by the fact that several of the 
elements classed as belonging to the odd series really fall on the 
upper portions of the curves of the even series, but there really seems 
to be a true break between each odd and even series. This will be 
seon more clearly when we come to consider sodium and fluorine. 

By dividing the molecular weights of compounds by the numbers 
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of atoms they contain we obtain ideal atomic weights which have 
atomic heats in agreement with Dulong and Petit’s and Naumann’s 
laws. Of course this does not hold good when the compound contains 
an element the specific heat of which varies greatly with change of 
temperature. We may also calculate the ideal volume atoms, as well 
as the ideal volume heats, by dividing the relative densities of the 
compounds by their ideal atomic weights. Although the curves on 
Diagram I have been drawn in to the volume heats, a fairly satisfac- 
tory result might have been obtained by using the volume atoms 
instead. In cases where compounds, such as the oxides, have to be 
dealt with, and there is reason to suppose that the specific heats at 
low temperatures are low, it is better to use the ideal volume atoms 
for purposes of comparison. The ideal volume atoms of all the oxides 
the gravities of which are known have been calculated and plotted 
on a diagram similar to Diagram I, but the ordinates do not fall in 
such positions that any regularity can be detected when they are 
regarded as a whole. There is, consequently, a very great difference 
between elements and compounds ; for the elements do not behave as 
though they were compounds with ideal atomic weights. 

With the exception of certain peculiar features, which are shown 
by the elements of lower atomic weight than aluminium, the elements 
fall naturally into 11 series, indicated by the large numerals on 


Diagrams 1, 2, and 3. These series we have seen may be divided 
into an odd set falling upon what appear to be straight lines inclined 
somewhat from the vertical, and an even set falling on intermediate 
eurves. The following list gives the number pf elements in each 


series :-— 


3 4 5 67 8 9 10 Il 
8710797406 5 2 


Most of the rare elements about which very little is known with 
certainty are omitted. On comparing the elements of the several 
even series, the one with the other, their chemical properties seem to 
justify the following classification :— 

Series 2 Si Al Mg _ Na 
Ge Ga Zn Cu 
Sn In Cd Ag 
P ? ? ? 
f : i H Au 
R.0; R,O, R,O; R,O, R,0; RO, R,O 

Cl, Br, and I do not readily form oxides, and although when in 
combination with elements of other groups they are generally mono- 
valent, they are most conveniently considered in the group R,O,. 
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The anhydride of Cl,0; is known, and in the compound ICI; we seen 
to have Cl monovalent and I trivalent. S, Se, and Te all form stabi 
oxides of the composition R,0,. P, As, Sb, and Bi all form R,0,; Si 
Ge, Sn, and Pb, R,0,; Al, Ga, In, and Tl, R,O;; Mg, Zn, Cd, and He, 
R,O, ; and Cu, Ag, and Au, R,O. Na also forms an oxide, Na,O, butit 
hydrate or hydroxide, unlike those of Cu, Ag, and Au, is very soluble 
and also highly caustic. The other elements of the last group als 
form CuO,, AgO, and Au,O;. Inthe majority of cases, the class oxides 
given may be said to be the most stable, characteristic, and highest 
oxides. The halides of these elements also show a similar rise and 
fall of valency with the increasing atomic weights of the groups, 
When dealing with these elements, Mendeléeff places them in the 
opposite order, and gives oxides of the form R,O, to S, Se, and Ty. 
SO, and TeO; are known, but SO, is the only oxide occurring native, 
and TeQ;, when strongly heated, loses oxygen and produces Te(,. 
Again, if the elements of this group should properly produce oxides 
of the class R,O,, they should also form halides RC. But they do 
not, the highest halides being RCl,. He also makes Cl, Br, and I 
form R,O,, but the highest oxides known are ClO, and IO,. Silver 
and gold form the halides AgCl, and AuCl;, in this respect agreeing 
with the oxides in departing somewhat from the class type. 

Dealing with the elements of the odd series in the same manner, 
that is, placing those elements having analogous properties in similar 
columns, we obtain the following. The elements of Series 1 have 
been omitted for the present. 

Ni 


Rates... K’On Oe HY & Mn \o 
0 


Tas i = Zr Nb Mo Pd 
a. mt Oe” ome | ? f P ? 
Rise F i Yb ? Ta W Ir Pt 
ge P ? = *? U ? ? ? 
R,O R,O, R,O; R,O, R,0O; RO, R,O; R,O, R,0 


There seems to be a redundant element in Series 3. Ni and (Co 
have, therefore, been placed previously in the same group and series. 

Although the oxides given under each class are, on the whole, the 
most stable and characteristic, they are by no means the only ones, 
and though the order in which they read is the same, with the excep- 
tion of Fe, Mn, Ni, and Co, as that adopted by Mendeléeff, it seems 
better, from a valency point of view, to allow the oxide-forming 
power of the groups to fall off again after reaching the group at the 
head of which is vanadium. 

For potassium, RCI is the group type of the halide, although it 
forms K,0,, and a subchloride of a purple colour is said to be pro- 
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duced by the action of chlorine on metallic potassium. Ca, Sr, and 
Ba form CaO,, SrO., and BaO,, but the monoxides are produced 
by burning the pure elements in air. Halides of the form RCI, are 
the only ones known. Sc, Y, and La all form R,Os, and, although 
there are peroxides of Y and La, they part with the excess of oxygen 
when heated. TeO,, ZrO,, and ThO, are found native. Cerium has 
been placed in this group, but it forms similar stable oxides and 
halides, such as CeCl,, to those of the previous group. ‘Of course it is 
possible that one of these elements, La or Ce, is out of place; that is, 
that the atomic weight is not correct, or that one of them is not an 
element. The highest oxides of V, Nb, and Ta are of the class R,O,;, 
and the highest halides RC or RCI. Cr, Mo, W, and U all form 
oxides R,O,. They also form R,O,, some of which occur native, and 
there are halides of Mo and W corresponding to these higher oxides, 
although U forms UCI, and Cr CrCl; only. Fe, Ru, and Os all form 
R,0;, and Ru and Os RuO, and Os0, as well. The highest halide of 
iron is FeCl,, of ruthenium, RuC);, and of osmium, OsCl. Mn and 
Rh form monoxides which occur native. They also form higher 
oxides. Although Mn forms MnF,, MnCl,, MnBr,, and MnI, are the 
highest of the other halides. Rhodium forms RhCl,, and iridium 
IrCl. Nickel and palladium are the only two elements of the last 
group which form oxides R,0; Co forming Co,0;, and platinum, 
PtO,. The halides of cobalt and nickel are CoCl, and NiCl,; of 
palladium, PdCl, and platinum, PtC),. 

When considering the elements of the even series, it was noticed 
that in the last class a tendency showed itself to form higher oxides 
and halides than are given to it. In the odd series, this also shows 
itself, but with greater intensity ; for instead of R,0, we get R,O«g. 
Indeed, it seems as though R,0,, R,0,, &c., are possible oxides for the 
higher classes. 

So far the typical elements have not been considered: Those 
whose atomic weights lie between H and F should properly belong to 
the odd series. They ought, therefore, to read as follows, when com- 
pared with Series 3 :— 


R,0 R,0, R,0; RO, R,O; R,O, R,0; R,O, R,0 


But lithium does not form an oxide R,O;, nor does Be form R,O,, 
orB R,0;. Not only is this the case, but oxygen and nitrogen differ 
considerably from Mn and Fe, as also does fluorine from nickel or 
cobalt. On the other hand, if we read the elements of the first odd 
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series backwards and compare them with the elements of the first. 
even series, we get-— 


Series ]l.. F O N C B Be Li ? H 
— " we P Si Al Mg Na — — 
R,0O, R,O, R,O, R,O, RO; R,O, R.0, _ R,0, 


By arranging the typical elements in this manner, the agreement 
becomes fairly satisfactory, but we still have differences, differences 
arising from the fact that elements which should stand on the odd 
series line 1 of the Diagrams 1, 2, and 3 have taken upon themselves 
characteristics which place them in agreement with the elements on 
curves 2, 4,6,and 10. Hydrogen is thrown into a group or class 
column of which it is the only member, for each of the even series only 
consists of seven elemenis against nine for each odd series. The curve 
2a of the diagrams has been drawn in the following manner. From 
its alloy with palladium, the specific heat and specific gravity of 
hydrogen have been calculated. From the figures so obtained, we get 
3°64 and ar as the volume heat and volume atom of hydrogen in its 
solid condition. To bring this element into agreement with potas- 
sium the volume heat should have been about 0°15°. Solid oxygen 
should also have a large volume heat to bring it into agreement with 
manganese, whereas the true figure is probably somewhere between 
land 2. Carbon, in its diamond form, and boron in its crystalline 
form, fall on the line of Series 1, but the amorphous form of carbon 
has a much lower specific gravity than the diamond, and it seems 
probable that the solid form of oxygen, which might be artificially 
produced, bears the same relation to the denser form, which would 
fall on the line of the first series, that amorphous carbon does to the 
diamond. On the supposition that this is the case, I have drawn the 
curve for Series 2a through the volume heats of hydrogen and 
amorphous carbon, although the volume heats and volume atoms of 
some of the typical elements appear to be normal and to fall on the 
line of Series 1. On Diagram 2, both the line 1 and the curve 2 
have been drawn to show the alternative possible values for the 
volume heats of the typical elements. It would appear that if the 
elements of Series 1 were placed under such conditions that their 
active properties were those due to their possible positions on the 
line 1, they would agree in their chemical properties with the elements 
of the other odd series, but under existing conditions of temperature 
and pressure their chemical properties are those arising from their 
positions on the curve 24, that is, similar to the even series elements. 

It will also be seen that the last two elements of Series 2, sodium 
and magnesium, have departed from their proper positions on the 
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earve of Series 2 and placed themselves on a line, 1a, similar to the 
line of the first odd series. The result is that Na has become the first 
element of an odd series, and magnesium, in its physical properties, 
the second. On Diagram 2, the change has been completed for the rest 
of the elements of the second series, and their alternative positions on 
the line 14 as well as the curve 2 are given. From this there seems 
no reason why, under some conditions, all the other curves should 
not be reversed to form lines, and all the other lines to form curves. 
But even this does not seem to exhaust all the possible changes of 
gravity and valency, for lithium does not fall on either the line or the 
curve; and, again, there are many allotropic forms of the other 
elements which also do not. A line drawn from what should be about 

the normal position of hydrogen through the volume heats of lithium 

and amorphous carbon would have an inclination approaching that of 

the line of Series 3. Indeed, I am inclined to think that there are 

several lines for the same series, having fixed inclinations the one to 
the other, and also corresponding sets of possible curves. 

In Table II (p. 864), the elements of the first six series are classed 
on the supposition that this reversibility is possible. They are, there- 
fore, entered in duplicate, that is, in two sets of odd series, 1, la, 3, 
3a, 5, and 5a; and two sets of even series, 2, 2a, 4, 4a, 6, and 6a. 
They are, also, printed partly in italics and partly in bold type. The 
positions in which they appear in bold type are those in which they 
form the classes of oxides typical of the several groups. It will be 
noticed that the even series 2 may be converted into the odd series 
la without seriously interfering with the grouping according to 
classes of oxides; but this is not the case if the odd series 1 be 
changed into the even series 2a. The same holds with all the other 
series. In this table, hydrogen has been made the right-hand member 
of the first group. If the third and fifth series had also have had 
their properties reversed, potassium and rubidium would have fallen 
into the samé column (as shown in italics), and they would then, 
probably, have had class properties similar to those of hydrogen. 
Calcium and strontium would also have formed the only right-hand 
members of Class II, there being a blank for a new element of this 
group in Series 2a. This element, like hydrogen, must, therefore, 
have properties which mark it off from all other elements. Its atomic 
weight is perhaps 2°5, and it belongs, normally, to the calcium 
group. 

In Table III (p. 865), all the important elements have been entered, 
but not in duplicate, asin Table II. Omitting H, the atomic weights 
of the elements read alternately from right to left and from left to 
right, as we pass from series to series. The table thus reads as the 
diagram does, when turned through an angle of 90°, from right to left. 
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and left to right alternately, and is divided into nine classes of double 
columns of elements of odd and even series. From it, all the series 
which, in Table II, contain elements in italics only have been omitted. 
It has, of course, been built ap according to the plan described in 
detail for the separate arrangement in groups and classes of the odd 
and even series respectively, but Na has been made the only member 
of Series la. It differs, of course, considerably from Table I con. 
structed by Mendeléeff, for he makes hydrogen the only member of 
the first series instead of the only member of a class, does not quite 
leave a gap for the missing element of the calcium class, and does not 
satisfactorily divide the classes into columns of odd and even series. 
The grouping of the elements is indicated by the arrow. 

To show the relationships between the lines and curves, and the 
reciprocals.of the curves satisfactorily, Diagram 3 has been drawn. 
‘The reciprocals 2, 2', &c., for the sake of clearness, have been drawn 
in to one-tenth the vertical scale of the diagram, and, therefore, cross 
the curves at the ordinate ./0'l. This point is marked 2’. On 
Diagram 1 the actual reciprocals 2 2, &c., as well as the lines 2 2’, 
&c., have been put in. It will be seen that the points 2’ are approx- 
imately equal distances apart throughous the atomic scale. On the 
other hand, the points 2, where the actual reciprocals cross the curves, 
are only equal for the curves of the first three even series. This 
shows that in the case of these series the reciprocals all radiate from 
common centre. Diagram 3 shows this still better, for the scale 
admits of the lines being continued until they intersect... The point 
a at the ordinate ./0'1 of the first curve 2a resulting from the 
reversal of the elements of Series 1 coincides very nearly with the 
same point for curve 2; but does not radiate from the same centre. 
When we come to curve 8, the angle of the possible reciprocal 8’, 
radiating from A, has nearly the same angle as the reciprocal 1, l’, 
and might, therefore, stand for the reciprocal of a curve which 
would represent the reversal of Series 7. The curve of series 10 has 
a. reciprocal which does not radiate from A, but possibly from the 
point B. A curve has been drawn on the assumption that this is 
the centre from which the reciprocal for Series 8’ radiates. The lines 
1 and 1a have not the same inclination as those that follow. It 
would have had, very nearly, if it had been drawn through lithium 
and amorphous carbon. In no case does the reciprocal of a curve 
agree in position with the lines of the odd series. 

The following geometrical expression for the relations existing 
‘between the curves on the diagram may be given. 

Take as axis of # the zero line of volume heats (Diagram 3), and 
as axis of y a line perpendicular to this through the point from which 
the first set of reciprocal lines radiate. 


Journ. Chem.Soc. June 1893 


9 
= 
< 
a 
O 
ie 
ra 


B_ 


HARRISON & SONS. LITH, ST MARTINS LANE.w.C. 


AND PERIODIC TABLE OF THE ELEMENTS. 


*SdLag 


gen compounds. 


. 


Hydro 


i 
a 
<) 
= 
- 

i 


VOL. LXIII. 


ITA 


A NEW DIAGRAM 


: 
an 
=~ 


*sopIxg pus sdnoiy 


‘If alavy, 


72) 
= 
fs 
| 
[=>] 
HW 
aa 
wl 
jes) 
i= 
ica 
° 
[<3] 
H 
—_ 
< 
& 
oO 
—_ 
{=} 
° 
fay 
Fe 
a 
a 
v4 
< 


xI 


IA 


“s}UOMLI[A JO SoLIEg 


é 


i | 3-L6T 
+ &-F6I1 Id 


PO LIT 
t 


UZ €.99 
t 
- gg UW 


3WW 8-42 


- solr4ug 


LL 3-406 
t 


+ £-16T 8O 
é ¢@ 
t ¢ 6 
uy L811 
R 9-1OT "YY 
8) 6- 69 
ae a | 


[V 0- 16 


ore 
qd 6-902 t 
t STM 


qd o¢ ft 
. 82 
ug T-6TT t 
t 2.96 OW 
oN 8.2L 


t 


| 
| 
| 
| 
| 
| -€-29 40 


1S €- 82 


tq T-80¢ ft 
t ¢. 281 ®I, 


Sf £-39¢@ 4 
t é | t 8.07199 


d 
| 
qs ¢-0zt t | 9L0 gar t 


| t 0-66 GN} f 0-06 4Z 


| 
sy 1-o4 ft | 80.6, tf 


d 0- T& 
t 


t %.1¢ A t 1.96 
8 0-28 


Gg. SET 8] 
I 8-921 t 
t 0.68 X 
19 6-64 


t T.F 98 


ID &. cé 


n oOo FF Ob ODO Fe DB & 


8 
e 


*SOpIxG JO sassuty~ 


ssmcasp fiq pazyporpur sr 


syuamapy 47 fo Buridnoapy ay, 


‘sdnospy Pun ‘sarLag) ‘sassp7—) UL UOIJNGI4]81q7 —T JT ATV L 


866 DEELEY: A NEW DIAGRAM 


Let X be the abscissa of the intersection of the first of these with 
the axis of z, X + a that of the second, X + 2a that of the third, and 
so on. 

And let —Y, be the ordinate of the radiating points. 

Let a, %, a, &c., be the inclinations of the radiating lines repec- 
tively. 

Then the equation to the curves referred to their asymptotes as 
axes is 

ey = cot a. 
Therefore the general equation to the first set of curves is 


x 
y(e— (X + na)) == 
where n is any integer. 
Assuming that the radiating centres occur at regular distances 


= 3a, the equation to the second set becomes 


X + (» — Se 
Y ’ 


and that of the hypothetical set before the first is 


y(« — (X + na)) = 


y(z@ — (X + na)) = X + (n + 3)a 


Y 


And the equation to all the hypothetical series in its most general 
form becomes 
X + (n — 3m)a 

Y , 
where m and n are any integers whatever, positive or negative. 

I must not close this paper without thanking Professor Ramsay 
for his encouragement and assistance. To Mr. L. Archbutt I am also 
much indebted in many ways, and to Mr. C. E. Wolff for his assist- 
ance in mathematical matters. 
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LVII.—COhlorinated Phenylhydrazines. Part II. 


By J. T. Hewrrt, B.A., B.Sc., Ph.D., Assistant Demonstrator in the 
University Laboratory, Cambridge. 


Ix 1891, I published an account of some derivatives of ortho- and 
para-chlorophenylhydrazines (Trans., 1891, 59, 209). Parachloro. 
phenylhydrazine had already been prepared by Elsingshorst, and the 
base and its hydrochloride had been described in a foot-note toa 
p»per by Neufeld on halogen substituted phenylhydrazines (Annalen, 
248, 94). Shortly after the appearance of Part I of this work, 
Willgerodt published an account of orthochlorophenylhydrazine and 
some of its derivatives (Ber., 24, 1660) ; but instead of separating the 
base from its hydrochloride by sodium acetate, and subsequently ex- 
tracting with ether, he precipitates a warm solution with concentrated 
ammonia, and on cooling the base is deposited in plates. Prepared in 
this way, orthochlorophenylhydrazine melts at 47°; Willgerodt’s 
method is superior to that indicated above, in which the hydrazine is 
extracted with ether, as the ethereal solution when evaporated does 
not always readily yield crystals. _ 

Orthochlorophenylhydrazine sulphate was obtained on agitating an 
ethereal solution of the hydrazine with dilute sulphuric acid, and 
on recrystallisation from water, it was deposited in fine, colourless 
needles which, after drying at 110°, gave the following analytical 
resuit. 

01612 gave 0°0979 BaSO,. H,SO, = 25°54. 

(C.H,N,Cl).,H,SO, requires H,SO, = 25°59 per cent. 


The owalate likewise crystallises out when an aqueous solution of 
the acid is shaken with an ethereal solution of the hydrazine; the 
nitrate, however, does not separate in such a satisfactory condition as 
in the case of metachlorophenylhydrazine. 

On heating orthoehlorophenylhydrazine with biuret, no well- 
defined urazole derivative was obtained ; this behaviour is in contrast 
with that of meta- and para-chlorophenylhydrazines, which readily 
furnished such compounds. 

Ethylie Salt of Pyruvic acid Orthochlorophenythydrazone, 


C.H,Cl-NH-N,C(CH,)-COOC,H; [Cl: NH = 1:2). 


—In my former communication, the ethylic salt of pyruvic acid 
orthochlorophenylhydrazone was described as yellow needles melting 
at 168°; this should read 68°. The ethereal salt was best prepared 
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by heating 1 part of the hydrazone of pyruvic acid with 9 parts of 
absolute alcohol and 1 part of concentrated sulphuric acid in a reflux 
apparatus for three to four hours on the water-bath. On pouring the 
solution into water, the ethereal salt and unacted on acid separated in 
the crystalline condition ; after removing the latter by treatment with 
dilute sodium carbonate solution, the ethereal salt was recrystallised 
from dilute alcohol; it was also dried in a vacuum and analysed, 


0:2035 gave 20°7 c.c. moist nitrogen at 15° and 758mm. N = 119, 
C,H,;,CIN,O, requires N = 11°64 per cent. 


The ethereal] salt is insoluble in alkalis and ammonia, though easily 
soluble in alcohol. 

Metachlorophenylhydrazine, C,H,Cl-'NH*-NH, [Cl:NH = 1: 3].— 
Metachlorophenylhydrazine, its hydrochloride, and several of its 
derivatives were first prepared and described by Willgerodt and 
Miihe (J. pr. Chem., 44, 451). These chemists added 14 grams of 
sodium nitrite dissolved in 100 grams of water to a well cooled 
solution of 25 grams of metachloraniline in 40U grams of hydrochloric 
acid (sp. gr. 1°12). On the addition of 89 grams of stannous chloride 
in 100 grams of hydrochloric acid, a precipitate of the stannochloride 
was obtained, from which as much tin as possible was removed by 
washing with concentrated hydrochloric acid. By dissolving the salt 
in a small quantity of water, and adding-strong potash, the hydrazine 
was obtained as a brown oil which decomposed at 200—220°. 

The metachlorophenylhydrazine hydrochloride used in the pre- 
paration of the derivatives described in this paper was obtained in a 
somewhat different manner, the crude hydrochloride formed by the 
action of stannous chloride being dissolved im water, and freed from 
tin by a current of sulphuretted hydrogen. The solution was then 
concentrated, and the hydrochloride which separated was redissolved 
in boiling water, decolorised with animal charcoal, allowed to crys- 
tallise from the hot solation, and collected. The salt separated in 
small crystals having the appearance of plates, but, when viewed 
under the microscope, were seen to consist of groups of needles. The 
formula of the compound was confirmed by a nitrogen estimation in 
the salt dried at 100°, 


01795 gave 24°2 c.c. moist nitrogen at 18° and 757 mm. N = 15°6. 
C.H,CIN;,HCl requires N = 15°6 per cent. 


This salt is easily soluble in water and alcohol, but is precipitated 
from the solution by the addition of concentrated hydrochloric acid. 

Metachlorophenylhydrazine sulphate separates as colourless needles © 
on shaking an ethereal solution of the hydrazine with dilute sulphuric 
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acid. The specimen used for analysis was recrystallised from hot 
water and dried at 100°. 


0°2170 gave 0°1297 BaSO,. H,SO, = 25°14. 
(C,H,CIN,)2,H,SO, requires H,SO, = 25°59 per cent. 


Metachlorophenylhydrazine nitrate was prepared by mixing ethereal 
solutions of the hydrazine and concentrated nitric acid. A crystalline, 
colourless precipitate of the salt separated immediately; this was 
collected and recrystallised from hot water, from which it separated 
as fine, colourless needles. These began to turn brown about 150°, 
and decomposed completely at 175°. 


0°1215 gave 21°7 c.c. moist nitrogen at 17° and 752 mm. N = 20°. 
C,H,CIN,,HNO; requires N = 20°44 per cent. 


Metachlorophenylsemicarbazide, C,H,Cl-NH-NH-CO-NH, [Cl : NH 
= 1: 3].—On adding potassium cyanate to a concentrated aqueous 
solution of the hydrochloride, a crystalline precipitate of this com- 
pound was at once formed. On recrystallisation from hot dilute 


alcohol, it was obtained in the form of colourless, flat prisms or 


plates which melted at 155°. 
The formula was confirmed by a nitrogen estimation after the 
substance had been carefully dried. 


0°1986 gave 40°2 c.c. moist nitrogen at 18° and 749 mm. N = 23°0. 
C,H,CIN;O requires N = 22°64 per cent. 


Metachlorophenylsemicarbazide is easily soluble in alcohol and 
glacial acetic acid, somewhat soluble in hot water, but only very 
sparingly in the cold; it is insoluble in chloroform and carbon 
bisulphide. An ethereal solution turns pale green when shaken with 
an aqueous solution of copper sulphate. 

Metachlorophenylphenylthiosemicarbazide, 


C,H,Cl-NH-NH-CS:NH-C,H; [Cl: NH = 1: 3], 


was formed on mixing an ethereal solution of metachlorophenylhydr- 
azine with phenylthiocarbimide, and was deposited in maguificent 
colourless needles on allowing the ether to evaporate spontaneously. 
For analysis, it was recrystallised from dilute ‘alcohol, and dried at 
100°. A nitrogen determination gave the following result. 


0°1753 gave. 22°5 c.c. moist nitrogen at 15° and 754mm. N = 14%. 
C,;H,,N;CIS requires N = 15°14 per cent. 


The substance crystallises in long, colourless needles which melt at 
138—139°. An ethereal solution is coloured green on shaking it 
with an aqueous solution of copper sulphate; and as in the case of 


=. 


th 
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the ortho- and para-compounds, this colour is rendered darker by 
ammonia. 
C.H,Cl-N —CO 
NH:CO 
—The hydrazine obtained by the evaporation of an ethereal solution 
was heated with an equal weight of biuret over a small flame. Am- 
monia escaped in considerable quantity ; and the residue solidified on 
cooling ; on recrystallising this from dilute alcohol, animal charcoal 
being used to effect decolorisation, the metachlorophenylurazole 
separated as small, faintly yellow crystals which melted at 227°. 


0:2017 gave 33°3 c.c. moist nitrogen at 12° and 752 mm. N = 194. 
C.H,CIN,;O, requires N = 19°86 per cent. 


Metachlorophenylurazole is insoluble in carbon bisulphide and 
ether, but soluble in alcohol, glacial acetic acid, and alkalis; from 
the last-named solution it is reprecipitated by acids. 

Benzaldehydemetachlorophenylhydrazone, C,H,Cl-NH-N:CH°C,H; 
(Cl: NH = 1 : 3].—Metachlorophenylhydrazine resembles pheny|- 
hydrazine in the way in which it combines with aldehydes and 
ketones. For preparing the hydrazone of benzaldehyde, a solution of 
the hydrochloride of the base in warm water was treated with 
benzaldehyde and excess of ammonia. The yellow, granular precipi- 
tate was collected and washed, dissolved in hot alcohol, and water 
added until the liquid became turbid, then filtered and allowed to 
cool. The hydrazone separated as small, colourless needles melting 
at 133—134°; these turned red on exposure to the air, are insoluble 
in water, but easily soluble in alcohol and ether. 

A nitrogen estimation of the substance dried at 100° gave the 
following result. 


01548 gave 17:0 c.c. moist nitrogen at 18° and 756mm. N = 126. 
C,;H,N,Cl requires N = 12°6 per cent. 


Metachlorophenylurazole, >NH [Cl:N = 1: 3]. 


Pyruvic acid metachlorophenylhydrazone, 


C.H,Cl-NH-N:C(CH;)-COOH [Cl: NH = 1: 8]. 


—The addition of pyruvic acid to an aqueous solution of the hydro- 
chloride led to an immediate separation of a pale yellow, crystalline 
precipitate, which was at once collected and recrystallised from dilute 
alcohol ;.the substance separated in fine needles which, after drying, 
furnished the following results on analysis. 


03120 gave 36:7 c.c. moist nitrogen at 20° and 749mm. N = 13:25. 
C,H,N.C1O, requires N = 13°18 per cent. 
This substance melts at 163’, and is easily soluble in alcohol, ether, 
alkalis, and ammonia, but insoluble in water. 
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The ethylic salt of this acid was easily prepared by heating 1 part 
of the acid with 9 parts of absolute alcohol and 1 part of concentrated 
sulphuric acid for three to four hours on the water-bath. The 
liquid was then treated with a solution of sodium carbonate, and the 
ethylic salt which separated recrystallised from dilute alcohol. It 
melts at 82°, and is readily soluble in alcohol and ether. A nitrogen 
determination gave the following result. 


0°1950 gave 18°8 c.c. moist nitrogen at 15° and 764mm. N = 113, 
C,,H,,N,C10, requires N a 11°64 per cent. 


Parachlorophenylhydrazine has already been described by Elsings- 
horst* and Willgerodt (J. pr. Chem., 43, 482). As in the case of 
the ortho- and meta-compounds, the hydrochloride, contaminated 
with tin salts, was dissolved in warm water treated with hydrogen 
sulphide, and the tin sulphide filtered off; the hydrochloride then 
crystallised out in colourless needles. Willgerodt prepared the free 
hydrazine from the hydrochloride by precipitation with caustic soda 
and subsequent crystallisation from alcohol or ether; he gives the 
melting point of the hydrazine as 83°. Latterly, I have prepared the 
hydrazine by decomposing a warm, strong solution of the hydro- 
chloride with concentrated sodium acetate solution ; the hydrazine, 
which is fairly soluble in warm water, separates on cooling in 
magnificent colourless needles which, after being collected, well 
washed, and dried, melt at 90°, that is, 7° higher than the tempera- 
ture given by Willgerodt. It is better to use the hydrazine very soon 
after its preparation, as darkening takes place very readily on expo- 
sure to air or light. This substance is easily soluble in alcohol and 
ether, and fairly in hot water; the sulphate is obtained by concentra- 
ting a solution of the base in dilute sulphuric acid. 

Parachlorophenylsemicarbazide, C§H,Cl-NH:-NH-CO-NH,[Cl: NH = 
1: 4].—On mixing solutions of the hydrochloride of parachloropheny!- 
hydrazine and potassiam cyanate in molecular proportion, the corre- 
sponding semicarbazide separated in beautiful plates. Recrystallised 
from dilute alcohol and dried at 100°, the compound gave the follow- 
ing analytical results. 


I. 0°2101 gave 41°2c.c. moist nitrogen at 19° and 761mm. N = 22°. 
II. 01400 ,, 00839 Ag. Cl = 19°15. 
C,H,N;Cl1O requires N = 22°64; Cl =19°14 per cent. 


This substance melts at 233—234°, and is easily soluble in alcohol 


* Apparently Elsingshorst only prepared the free base and its hydrochloride ; 
‘his results are appended to a paper of Neufeld’s on halogen substituted phenyl- 
hydrazines (Annalen, 248, 94), and his Inaugural Dissertation is referred to 
(Erlangen, 1884, previously quoted by mistake as Miinchen). 
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and glacial acetic acid ; it is also somewhat soluble in hot water, but 
insoluble in cold water, chloroform, ether, and carbon bisulphide. 

Benzaldehydeparachlorophenylhydrazone, C.H,Cl‘NH-N:CH-C,H, 
(Cl: NH = 1: 4], was prepared by mixing a solution of the hydro- 
chloride with benzaldehyde, and then adding sodium acetate, the 
precipitate being collected, washed with warm water, and recrystal- 
lised from dilute alcohol, A chlorine estimation gave the following 
result. 


0°0973 gave 00447 Ag. Cl = 15°01." 
C,3;H,,N,Cl requires Cl = 15°41 per cent. 


The substance separates from solution in groups of needles which 
melt at 127°, and are very easily soluble in alcohol, ether, and chloro- 
form, fairly so in carbon bisulphide and glacial acetic acid. 

Pyruvic acid parachlorophenylhydrazone, 


C,H,Cl‘NH-N:C(CH;)-COOH [Cl: NH = 1: 4], 


separated as a yellow precipitate on mixing solutions of the hydro- 
chloride and pyruvic acid; this was collected, dissolved in boiling 
alcohol, and water added until a turbidity was produced. On cool- 
ing, needles were obtained, which melted at 199°. It dissolved in 
alcohol, ether, and glacial acetic acid, but it is insoluble in water and 


carbon bisulphide. Analysis of the dried substance gave the follow- 
ing results. : 
I. 0°1255 gave 0°2353 CO, and 0°0498 H,O. C= 5113; H=4-41, 
IL. 01183 ,, 13:3 c.c. nitrogen at 20° and 755 mm. N = 12°8., 
C,H,N,C10, requires C = 50°82; H = 4:23; N = 13:18 per cent. 


The ethylic salt of this hydrazone was obtained in a similar way to 
the corresponding compounds in the ortho- and meta-series, and 
separated by water from the alcoholic solution. After treatment 
with sodium carbonate to remove unaltered acid, the substance was 
recrystallised from dilute alcohol. A nitrogen estimation gave the 
following result. 


01610 gave 16°5 c.c. moist nitrogen at 20° and 770 mm. N = 11°9. 
C,,H,,;C1N,0, requires N = 11°64 per cent. 
The ethylic salt is easily soluble in alcohol, but insoluble in water ; 
it melts at 138°. 


University Laboratory, 
Cambridge. 
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LVIII.—Formation of Pyridine Derivatives from Unsaturated Acids : 
Dihydroxypyridines (continuation). 


By S. Runemann, Ph.D., M.A. 


THe sodium compound of ethylic dicarboxyglutaconate, 


C(COOC,H;). 

CNa(COOC,H;),’ 

which is formed by the action of chloroform and sodium ethoxide on 
ethylic malonate, has been subjected to careful study by Conrad and 
Guthzeit (Annalen, 222, 249), and by Guthzeit and Dressel (Ber., 
22, 1413; 23, 3179; Annalen, 262, 89). They succeeded in dis- 
placing the sodium in this compound by hydrogen and by hydro- 
carbon radicles, and in transforming the derivatives of glutaconic acid 
thus obtained into derivatives of glutaric acid by reduction. Of special 
interest is the transformation which etbylic dicarboxyglutaconate 
undergoes on distillation under diminished pressure, which leads to 
the formation of a substitution product of a-pyrone, 


CH 


CH< 


an 
COOC,HsC C-COOC,Hs 
OC C:0C.H, ~° 


A further proof of the constitution of the condensation product is 
found in its ready transformation into a pyridine derivative when 
treated with aqueous ammonia. 

It seemed to me probable that this transformation of the pyrone 
compound into the substitution product of pyridine might be brought 
about by the addition and subsequent removal of water, as indicated 
by the equation 


COO0C,H; COOC.H; 
C:C-C,H, C—C-OC,H; 
CH< >NH+H,O=OHCH< >HN = 

0-CO CH-CO 

COOH COOH 
COOC,H, 
C:C-OC.H; 

cH7 } 
ATK oN + H,0, 

0:0'0H 
COOH 


~~ = oo se -& CO 
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This would be similar to the mode in which I represented the formation 
of citrazinamide from ethylic aconitate (Ber., 20, 3366; 23, 331). 
Guthzeit and Dressel (Annalen, 262, 105) themselves acknowledge 
that the presence of water is necessary for the transformation, dry 
gaseous ammonia giving rise to a different compound. Its full 
investigation will be most probably of great theoretical interest with 
regard to the constitution of pyridine. 

After having observed that ethylic aconitate readily condenses with 
ammonia to a derivative of pyridine, I have studied the action of 
ammonia on the ethereal salts of fatty acids closely related to 
aconitic acid. I directed my attention especially to etbylic dicarb- 
oxyglutaconate. Together with R. 8. Morrell (Trans., 1891, 59, 
743), I showed that aqueous ammonia chiefly resolves this salt into 
malonamide and ethylic amidoethylenedicarboxylate, according to the 
equation 


©(CO0C,B,) 
CH<CH(COOGH,)s 


CONH, + 
CONH, 


CH-NH, 
G(COOC,H,), + 20#HsO#- 


+ 3NH, = CH,< 


Further, it was shown that ethylic benzyldicarboxyglutaconate 
undergoes decomposition in a manner similar to benzylmalonamide 
and ethylic amidoethylenedicarboxy late. 

This peculiar behaviour of ethylic dicarboxyglutaconate and its 
benzyl derivative towards ammonia induced us (Trans., 1892, 61, 
791) to subject those ethereal salts to the action of phenylhydrazine, 
and we were able to prove that a resolution of the ethereal salts takes 
place, analogous to that brought about by ammonia, resulting in the 
formation of a pyrazolone derivative. 

I have extended the study of the action of ammonia and of phenyl- 
hydrazine to the ethereal salts of methyl- and ethyl-dicarboxyglut- 
aconic acids, and have found, as was to be expected, that they show 
the same behaviour as etbylic dicarboxyglutaconate and its benzyl 
derivative. The observation was, however, made that the action of 
phenylhydrazine on the ethereal salts seems to take place only in the 
presence of water, the quantity of the pyrazolone compound thus 
formed amounting to 60—70 per cent. of that required by theory. 

Whilst the action of ammonia on ethylic dicarboxyglutaconate and 
its alkyl derivatives chiefly consists in a resolution, the ethereal salts 
of glutaconic acid and its homologues yield aa’.dihydroxypyridines. 
The monethylic ether of dihydroxypyridine is, as Guthzeit and 
Dressel (Annalen, 262,113) showed, most probably formed when the 
pyridine derivative, 
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4N 
COOH:C C-COOC.H, 
OH:C C-00,H; ’ 
VW 
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is heated above its melting point, but they were unable to obtain it in 
a pure state, owing to the readiness with which it oxidised. The 
product of the action of ammonia on ethylic glutaconate behaves in 
the same way (loc. cit.), so that Morrell and I did not succeed in 
isolating the dibydroxypyridine. Its alkyl derivatives, however, can 
easily be obtained by the action of ammonia on the substitution pro- 
ducts of glutaconic acid. A short time ago (Trans., 1893, 63, 259), I 
described one member of this series of compounds, namely, benzyl- 
dihydroxypyridine, and the corresponding methyl and ethyl deriva- 
tives of dihydroxypyridine are described in this paper. These three 
substances are colourless, and, though stable when dry, are readily 
oxidised in solution. The ammoniacal solutions, especially, turn 
purple, and deposit flocculent, blue precipitates, which I have not 
yet investigated. 

The behaviour of the dihydroxypyridines towards ferric chloride is 
interesting. Guthzeit and Dressel state that this reagent gives a 
red-violet coloration with their ethoxyoxypyridine. With the three 
dihydroxypyridines, the reaction is different. On adding ferric 
chloride to solutions of the pyridine compounds in water or in 
alcohol, a dark cloud is first formed, which immediately disappears, 
and yellow substances free from iron are thrown down. These 
oxidation products are formed by the condensation of 2 mols. of the 
dihydroxypyridines by the removal of 2 atoms of hydrogen, and have 
most probably the constitution 


CH 
R-¢/|\ CH ~ i 


HO-C\. Wz cO—OC V7 


H 
Nor 


CoH - 


The dihydroxypyridines contain the hydroxyl groups in the meta- 
position; it was, therefore, to be expected that they would show 
towards phthalic anhydride a behaviour analogous to that of res- 
orcinol and yield fluoresceins. This was found to be the case. Their 
solutions in alkali are red, and exhibit a bluish-green fluorescence, 
but they have not yet been studied. R. Meyer, by his interesting 
researches on the fluorescein group (Ber., 21, 3376; 24, 1412; 25, 
1385, 2118, 3586), has shown that fluorescein can be regarded as 4 
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dihydroxy] derivative of fluoran, and that its constitution may be 
represented by the following symbol :— 


C,H,-CO 
1 


a 
4\/~\ 


wo A om 
The position of the hydroxyl groups indicated in this formula was 
inferred from the fact that in phenolphthalein the phthalyl group is 
in the para-position to both phenol hydroxyls (Baeyer, Annalen, 
202, 43, 126). Dr. Hewitt (this vol., p. 679), with the object of 
supporting R. Meyer’s view with regard to the constitution of 
fluorescein, has attempted to remove the citraconyl group from his 
citraconfluorescein and to convert it into dihydroxyxanthone, but he 
was unable to bring about this transformation. If the mode of 
formation of the fluoresceins from the substituted dihydroxypyridines 
is analogous to that of resorcinol-phthalein, it is clear that the 
hydroxyl groups can only occupy the para-positions relatively to the 
phthalyl group, and that, therefore, the constitution of those 
phthaleins, in the light of R. Meyer’s work, must be expressed by 
the following formula :— 
C,H,-CO 
c—-0 
f\\ANZ\N 


on | MY om 
N O N 


EXPERIMENTAL Part. 


The ethylic salt of methyldicarboxyglutaconic acid was obtained by 
Conrad and Guthzeit (Annalen, 222, 258) by heating the sodium 
compound of ethylic dicarboxyglutaconate with methylic iodide in 
the presence of alcohol in a closed tube at 150—160°. On repeating 
this experiment, it was found that there was much pressure in the 
tube, and that a considerable portion of the ethereal salt had decom- 
posed, a fact which was observed by Guthzeit and Dressel (Joc. cit.) 
in preparing the corresponding ethylic derivative. I therefore 
applied the same method as was used by these chemists for the pre- 
paration of the ethylic salts of ethyldicarboxyglutaconic acid. Sodic 
ethylic dicarboxyglutaconate was heated with a Jarge excess of 
methylic iodide, but without any alcohol, for three hours at 
170—180°. The sodium iodide was filtered off, washed with ether, 
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the ether was then evaporated, and the residual oil distilled 
under diminished pressure. It boiled without decomposition at a 
temperature of 210° under a pressure of 16 mm. 

On analysis, numbers were obtained which agree with the formula 
CisHy Os. 


0°2308 gave 0°1497 H,O and 04713 CO,. C = 55°69; H = 7:20. 
C,.H.O, requires C = 55°81; H = 6°98 per cent. 


Ethylic methyldicarboxyglutaconate is a thick oil; d12°/12° = 
1:1238. 

When allowed to remain in contact with strong aqueous ammonia, 
this ethereal salt is resolved into methylmalonamide and ethylic 
amidoethylenedicarboxylate. The oil disappears after two days, if 
the mixture is frequently shaken, and colourless needles separate, 
which are almost entirely soluble in ether. The ethylic amidoethyl- 
enedicarboxylate thus formed is identical with that obtained from 
ethylic dicarboxyglutaconate and its benzyl derivative. Its com- 
position was, moreover, verified by a nitrogen determination. 


0°2660 gave 17°4 c.c. moist nitrogen at 14°and 750mm. N = 7°59. 
C,H,,NO, requires N = 7°48 per cent. 


The ammoniacal filtrate from this compound contains methyl- 
malonamide, which P. Henry (see Ber., 24; R. 73) obtained by the 
direct action of ammonia on ethylic methylmalonate. The methyl- 
malonamide formed in the above reaction can be isolated by evapo- 
rating the solution, washing the residue with ether to remove the 
ethylene derivative which remained dissolved, and crystallising from 
boiling spirit. On cooling, methylmalonamide comes down in colour- 
less prisms which melt at 207—208°. 

A nitrogen determination gave the following result. 


01500 gave 31°6 c.c. moist nitrogen at 16° and 750 mm. N = 24°22. 
CH;CH(CONH,), requires N = 24°14 per cent. 


Phenylhydrazine decomposes ethylic methyldicarboxyglutaconate, 
yielding the ammonium compoand of ethylic phenylmonocarboxylate 
and ethylic methylmalonate. The presence of water, however, is 
necessary, and it is most probable that the resolution of ethylic di- 
carboxyglutaconate and its benzyl derivative by means of phenyl- 
hydrazine, which Morrell and I described (loc. cit.), was. brought 
about by this means, as the ethereal salts employed were not quite 
dry. [f a mixture of equal weights of the distilled ethylic metbyl- 
dicarboxyglutaconate and phenylhydrazine is warmed on the water- 
bath in a flask connected with a condensing tube, no reaction takes 
place until a small quantity of water is added, when an evolution of 
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gas sets in. After heating for about half an hour and subsequent 
addition of ether to the cooled product, the ammonium compound of 
the pyrazolone derivative is thrown down, and is collected and 
washed with ether. The yield obtained is very satisfactory, amount- 
ing to 60—70 per cent. of the theoretical. The identity of the pro- 
duct with that described in a previous paper (Joc. cit.) was verified 
by a comparison of the ethereal salt set free on adding hydrochloric 
acid to the aqueous solution of the ammonium compound, and by a 
nitrogen determination of the substance recrystallised from dilute 


alcohol. 


The formula GHN< oe requires 12°07 per cent. N, 


while the following analytical data correspond to 12°16 per cent. N. 
0:2035 gave 21°8 c.c. of moist nitrogen at 19° and 751 mm. 


To the description of this substance given in my former commani- 
cation, I may add that, dissolved in carbon bisulphide, it forms, with 
bromine, a yellow, crystalline addition product, thus showing the 
presence of an ethylene link. This substance, however, readily, even 
at ordinary temperature, dissociates into the components. An alcoholic 
solution of ethylic phenylpyrazolonecarboxylate gives, on addition 
of ferric chloride, a deep red coloration. 

The ethylic methylmalonate which is contained in the ethereal 
filtrate from the ammonium compound was separated by shaking the 
solution with dilute sulphuric acid and evaporating the ether. The 
remaining oil, boiling between 195° and 196°, was analysed. 


0°3822 gave 0°2775 H,O and 0°7725 CO,. C = 55°12; H = 8-06. 
CH;CH(COOC,H;), requires C = 55°17; H = 8:04 per cent. 


Methylglutaconic acid.—The hydrolysis of ethylic methyldicarboxy- 
glutaconate is-best brought about by heating the salt with an excess 
of a 50 per cent. aqueous solution of sodium hydroxide, the action 
being completed by an hour’s boiling. The diluted alkaline liquid 
is acidified with hydrochloric acid and the liberated methylglutaconic 
acid is extracted from the solution by repeatedly shaking it with 
ether. The oil which remains after removal of the solvent becomes 
solid on cooling, and after crystallisation from water, is obtained in 
nodules. It melts at 138—140°, Conrad and Guthzeit giving the 
melting point as 137°. The composition of this acid has already been 
determined by these chemists ; as, however, it forms the starting point 
of the experiments described below, it has been analysed again. 


0:2253 gave 0°1128 H,O0 and 04140 CO,. C = 50°11; H = 5°56. 
‘ C,H.O, requires C = 50°0; H = 5°55 per cent. 
VOL, LXIIi. 30 
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Ethylic methylglutaconate is readily obtained by heating a solution 
of the acid in absolute alcohol with concentrated sulphuric acid for . 
3—4 hours on the water-bath in a flask connected with a reflux con- 
denser. The ethereal salt which separates on pouring the product 
into water is taken up with ether, and the ethereal solution shaken 
with sodium carbonate. The oil which remains on evaporating the 
ether distils under ordinary pressure at 244—246°, and at 136—138° 
undera pressureof 12mm. Itisacolourless oil; d16°/16° = 1°0390. 

The following analytical data were obtained. 


0-2003 gave 0:1470 H,O and 0:4395 CO, C = 5984; H = 8:15. 
CH-COOC,H 
CH<CH(CH,)-COOC,H, 


B-Methyl-a2'-dihydrozypyridine—Concentrated aqueous ammonia 
acts more readily on the ethyl salt of methylglutaconic acid than on 
that of benzylglutaconic acid. After several hours’ heating with an 
excess of ammonia at 100° in a closed tube, the oil disappears, and a 
yellow solution is obtained which, on opening the tube, rapidly changes 
to purple. To prevent oxidation, the ammoniacal solution is evapo- 
rated under diminished pressure, when a crystalline residue remains 
which, after addition of water and a few drops of hydrochloric acid, 
is collected and washed with water and then with a little alcohol. 
The almost colourless substance thus obtained is dissolved in boiling 
absolute alcohol, in which it is readily soluble, and, on cooling, it 
crystallises in colourless needles which melt with decomposition at 
190—191°. 

The following analytical data were obtained. 

I. 0°1860 gave 00968 H,O and 0°3935 CO,. 
II. 0°2195 gave 21 c.c. moist nitrogen at 19°and 763mm. N = 11°04. 
C.H;NO, requires C = 57°60; H = 5°60; N = 11°20 per cent. 


requires C = 60:0; H = 80 per cent. 


The formation of methyldihydroxypyridine may be expressed in & 
manner similar to that of benzyldihydroxypyridine (loc. cit.), and its 
constitution represented by the following symbol— 


This dihydroxypyridine is soluble in boiling water, and it is readily 
taken up by alkalis and by ammonia, but the ammonium salt thus 
formed dissociates on evaporating the solution in a vacuum, As meD- 
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tioned before, methyldihydroxypyridine dissolved in ammonia yields 
on exposure to the air a blue substance similar to that formed from 
the corresponding benzyl derivative of dihydroxypyridine. 

Ferric chloride produces, in aqueous or alcoholic solutions of methyl- 
dihydroxypyridine, a yellow precipitate which dissolves in alkali, and 
is reprecipitated by acids. Although this substance has not been 
analysed, there cannot be any doubt but that its composition is 
analogous to that of the compound formed from ethyldihydroxy- 
pyridine, and that its constitution is most probably to be expressed 
by the formula 


HC 
cHyc,“| \\cH no ): CH, 


HO-C | }'co— col, | 
\IZ 
W 


oon 


Methyldihydroxypyridine has basic as well as acid properties ; it 
dissolves in hydrochloric acid with the greatest ease, but the hydro- 
chloride formed, dissociates on evaporating the solution, leaving the 
free pyridine derivative. 

In order to reduce methyldihydroxypyridine to B-picoline, it was 
mixed with zinc dust and the mixture heated in a tube through which 
acurrent of dry hydrogen was passed. The base was taken up by 
hydrochloric acid, the solution rendered alkaline by potash, and the 
picoline distilled with steam. The distillate was then acidified by 
hydrochloric acid, and platinic chloride added to the concentrated 
solution. A platinum determination of the salt thus obtained, dried 
at 100°, gave 33°10 per cent. Pt, whilst the formula (C,H,N),,H,PtCl, 
requires 32°64 per cent. Pt. 

Ethylic ethyldicarboayglutaconate was prepared according to the 
directions of Guthzeit and Dressel (Ber., 23, 3181) by heating the 
sodium compound of ethylic dicarboxyglutaconate with ethylic iodide 
in a closed tube at 170—180°. The oil boiled under a pressure of 
ll mm. at 203—204°; ¢@12°/12° = 1:1128. 

Concentrated ammonia dissolved the oil after having been in con- 
tact with it for two days, and a crystalline solid separated, consisting 
of ethylmalonamide and ethylic amidoethylenedicarboxylate. To 
separate the two, the product was treated with ether, which dissolved 
the ethereal salt, whilst the amide remained behind. The latter was 
collected and crystallised from boiling alcohol, from which it sepa- 
rated in colourless prisms. It melted at the same temperature, 
namely, 210°, as the product of the action of ammonia on the ethylic 
ethylmalonate (P. Henry, loc. cit.). The composition of the substance 


was verified by a nitrogen determination. 
302 
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0°1505 gave 27°6 c.c. moist nitrogen at 14° and 755mm. N = 21°43, 
C;H,.N,O, requires 21°57 per cent. 


The ethereal solution of the product of the action of ammonia on 
the derivative of glutaconic acid, after removal of the solvent, left 
ethylic amidoethylenedicarboxylate, which was recognised as such by 
its physical properties. 

The resolution of the ethereal salt of ethyldicarboxyglutaconic acid 
by means of phenylhydrazine takes place in the presence of water. 
The pyrazolone derivative was isolated in the manner previously 
described, and was identified by its melting point; the second 
product of the reaction, ethylic ethylmalonate, was not examined, 
as the principle of the action between phenylhydrazine and ethylic 
dicarboxyglutaconate and its derivatives is sufficiently determined. 
These ethereal salts, on treatment with the hydrazine, yield the 
pyrazolone compound and ethylic malonate or its alkyl derivatives. 

Ethyldihydroxypyridine.—Instead of alcoholic potash (Guthzeit and 
Dressel, loc, cit.), a concentrated aqueous solution of sodium hydr- 
oxide was used for the hydrolysis of the ethereal salt of ethyldicarb- 
oxyglutaconic acid. The product of the reaction was acidified by 
hydrochloric acid, and the ethylglutaconic acid extracted from the 
solution by ether. The organic acid which remained on evaporating 
the solvent was not purified, but was transformed into its ethylic salt 
in the usual manner. 

Ethylic ethylglutaconate is a colourless oil which boils under a 
pressure of 12 mm. at 130—132°; d12°/12° = 1:0227. 

On analysis, the following numbers were obtained. 


0°2075 gave 0°1582 H,O and 0°4680 CO,. C = 6151; H = 847, 

Oe OOOO requires C = 61°68; H = 8°41 per cent. 

The transformation of the ethereal salt into ethyldihydroxypyr- 
idine was brought about by heating it with strong aqueous ammonia 
in a closed tube at 100°. After digesting for several hours, a yellow 
liquid was obtained which, on opening the tube, turned purple. On 
evaporation under diminished pressure, coloured crystals remained, 
which were washed with water and recrystallised from boiling alcohol; 
on cooling, colourless needles separated which melted at 175—176° to 
a red liquid. 

Analysis proved the substance to be ethyldihydroxypyridine, 
C,H,NO,. 


0°2048 gave 0°1227 H,O and 0°4550 CO,. C = 60°50; H = 6°65. 
02240 ,, 19:4c.c. moist nitrogen at 18°and 770mm. N = 10°14. 
C;H,NO, requires C = 60°43; H = 6475; N = 10-07 per cent. 
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Ethyldihydroxypyridine is soluble in hot water and in alcohol, it 
is readily taken up by alkalis and by ammonia, and these solutions are 
readily oxidised by the oxygen of the air. On adding silver nitrate 
to a neutral solution of the dihydroxypyridine in ammonia, a yellow 
precipitate is formed which immediately decomposes. 


Oxidation of Ethyldihydroxypyridine by Ferric Chlorides 


In this paper, I have frequently had occasion to mention the yellow 
dyes which are formed by the action of ferric chloride on the dihydr- 
oxypyridines; and it is especially the examination of the coloured 
substance from ethyldihydroxypyridine which indicates that these 
compounds are formed by the removal of 2 atoms of hydrogen from 
2 mols. of the dihydroxypyridines. The fact that these oxidation 
products are coloured and readily dissolve in alkali with yellow 
colour tends to the view that they are to be regarded as hydroxy- 
quinones of the formula 


CH CH 
RO/|\cH HO/|\CR 


HOC jleo--cl, oon : 
N 


On adding ferric chloride to an aqueous solution of ethyldihydr- 
oxypyridine, there is first produced a dark cload which immediately 
disappears, and a yellow substance is precipitated which is insoluble 
in water and sparingly soluble in alcohol. It is dissolved by boiling 
glacial acetic acid, and, on cooling, crystallises in groups of needles 
which do not melt, but begin to carbonise at about 170°. 

The substance, dried at 140°, gave the following results on 
analysis. 


01183 gave 0°0620 H,O and 0°2645 CO,. C = 60°97; H = 5°82. 
01420 ,, 11°8c.c. moist nitrogen at 10° and 770mm. N = 10°09 
CyH,.0O,N, requires C = 60°86; H = 5:80; N = 10°14 per cent. 


Further experiments are in progress to test the view expressed 
above as to the constitution of the oxidation products of the di- 
hydroxypyridines. 

After having acquired the knowledge of the chemical behaviour 
of the substitution products of dihydroxypyridine, I have resumed 
the study of the action of ammonia on ethyl glutaconate, and pro- 
pose to report the results of this investigation in my next com- 
munication. 


Gonville and Caius College, 
Cambridge. 


884 


LIX.—Fleitmann’s Test with Arsenic acid. 


By Joun Crark, Ph.D. 


In 1851, Fleitmann discovered that when a substance containing 
arsenic was mixed with finely-divided zinc and excess of caustic 
potash or soda, the hydrogen which is evolved on the application 
.of heat is abundantly charged with arseniuretted hydrogen, but no 
antimoniated hydrogen is given off under similar conditions. 

This method has the advantage of enabling arsenic to be tested 
for in presence of antimony, and it is certainly very delicate; but 
Hager pointed out (Zeit. anal. Chem., 2, 82) that no arseniuretted 
hydrogen is given off when the arsenic is in the form of arsenic 
acid, and the process is very troublesome on account of the diffi- 
culty with which the hydrogen is evolved. Hager recommended the 
use of magnesium along with the zinc to increase the evolution of 
the hydrogen, but the improvement effected in this way is very 
slight. ‘ 

In 1873, J. W. Gatehouse (Chem. News, 27, 189) suggested the 
use of aluminium and sodic hydrate as a modification of Fleitmann’s 
test for distinguishing arsenic in presence of antimony; and, in 
1878, Johnston (Chem. News, 38, 301), who did not seem to be 
aware of Gatehouse’s discovery, stated that when either arsenious or 
arsenic compounds are heated with concentrated potassic, hydrate 
solution and aluminium, arseniuretted hydrogen is evolved, and he 
gave the following equations to represent the actions. 


3H,AsO, + 6Al + 18KHO = 3AsH, + 3Al,(KO), + 9H,0. 
3H,AsO, + 8Al + 24H,0 = 3AsH, + 4Al,(KO), + 12H,0. 


Gatehouse himself did not refer to the action of aluminium on 
arsenic acid in alkaline solutions, but H. Fresenius (Zeit. anal. Chem., 
12, 312), in his remarks on the test, called attention to the difference 
between it and Hager’s test, and said that, whereas Hager’s test only 

_indicates arsenious acid, the Gatehouse test also indicates arsenic acid, 
but in the latter case the action is slower. Johnston does not state how 
._ he detected the arseniuretted hydrogen, but he says that if the gas 
blackens silver nitrate, it is conclusive proof of arsenic, and the ex- 
periments made by Fresenius seem to have consisted in exposing 
paper, moistened with nitrate of silver (as recommended by Gatehouse), 
to the action of the gas. I have no doubt that the paper was stained 
after a time, but the discoloration could not be due to arseniuretted 
hydrogen generated from arsenic acid, as I have proved conclusively 
that when arsenic acid is heated with pure aluminium and potassic 
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or sodic hydrate, not a trace of arseniuretted hydrogen is evolved. Thus, 
0°2 gram of arsenate of sodium was heated with 3 grams of aluminium 
and a strong solution of sodic hydrate till the whole of the aluminium 
was dissolved ; the gas given off, when passed through silver nitrate 
solution, produced a slight turbidity, but not a trace of arsenic was 
found in the solution, and the precipitate, which weighed about a 
milligram, contained phosphorus. The same turbidity was obtained 
when 3 grams of the aluminium were dissolved in sodic hydrate, 
without the addition of an arsenical compound. Several quantita- 
tive experiments of a similar character gave the same result, and I 
am therefore of opinion that the discoloration of the nitrate of silver 
paper observed by Fresenius was due either to phosphorus or to the 
presence of a little arsenious acid in the arsenate. In any case, it could 
not be due to arseniuretted hydrogen generated from arsenic acid 
under these circumstances. 

The aluminium process for qualitative purposes is ne deli- 
cate, and works very satisfactorily even in presence of antimony, as 
the hydrogen comes off freely on the application of a gentle heat, 
and is easily regulated. 

I have, therefore, thought it advisable to test its suitability for the 
quantitative estimation of arsenic in the form of arsenious acid ; but, 
owing to the formation of the solid hydride, I have not been able to 
volatilise the whole of the arsenic, and my experiments seem to indi- 
cate that you cannot convert more than four-fifths of the arsenious 
oxide into arseniuretted hydrogen by this method. 

Although the Gatehouse process does not indicate arsenic acid, it 
detects arsenic trisulphide when dissolved in potash or soda; but 
the quantitative experiments which I have made show that a smaller 
proportion of the arsenic trisulphide is converted into arseniuretted 
hydrogen. 

In 1876, E. W. Davy (Chem. News, 33, 58) proposed the use of 
sodium amalgam for the generation of arseniuretted hydrogen, and 
pointed out that arsenic in the form of orpiment, realgar, and the 
alkaline arsenates could be detected in this way. So far as Davy’s 
remarks refer to arsenious acid, orpiment, and realgar, they are quite 
correct ; but I have not been able to generate arseniuretted hydrogen 
from arsenic acid in an alkaline solution by sodium amalgam, even 
when a large quantity is used, and I am forced to the conclusion that 
in this respect the action of sodium amalgam resembles that of zinc 
and aluminium, and that none of them detects arsenic in the form of 
arsenic acid when the solution is alkaline. 


City Analyst's Laboratory, 
Glasgow. 


LX.—Improvements in Reinsch’s Test for Arsenic. 
By Joun Crark, Ph.D. 


Or the various methods for the detection of arsenic and antimony in 
organic mixtures when the quantity is small, the processes of Marsh 
and Reinsch are regarded as the most trustworthy. Of the two, 
especially in recent years, Marsh seems to have been generally 
adopted in cases of poisoning, on account of its reliability and deli- 
cacy, but, as a rule, it cannot be directly applied to mixtures contain- 
ing organic matters, and the treatment required to obtain the poison 
in a form suitable for introduction into the Marsh’s apparatus, 
especially when arsenic and antimony occur together, consumes a 
good deal of time. 

Reinsch’s process is not quite so delicate as Marsh’s ; but very minute 
quantities of arsenic and antimony can be detected by its means, and 
it is undoubtedly superior to Marsh’s in the facility and celerity with 
which it can be applied. 


The principal objections to the use of Reinsch’s process in medico- 


legal cases are: 
1. When the quantity of arsenic is small, a stain is obtained which 


it is sometimes difficult to identify as arsenic, because the coated 
copper when heated is apt to give a layer‘of chloride of copper and 
organic matter instead of a layer of arsenious acid ; and 

2. It is not possible by means of heat to volatilise the whole of the 
arsenic from the copper. 

According to Taylor and Maclagan, Reinsch’s process, carried out 
in the ordinary way, is capable of demonstrating from 1/100th to 
1/144th of a grain (about a milligram) of arsenic in organic mixtures, 
and Letheby has stated (Chem. Gazette, 4, 137) that the copper will 
withdraw every trace of arsenic, even the smallest, from organic 
mixtures. 

I do not intend to enter into the question of the delicacy of 
Reinsch’s process, nor whether it is capable of extracting the whole of 
the arsenic from solid tissues, but will confine myself to the means 
of proving the presence of arsenic or antimony in the stain on the 
copper with greater certainty, and at the same time estimating the 
amount of each when they occur together. 

For this purpose, the material to be tested should be boiled gently 
in a porcelain vessel with dilute hydrochloric acid, and a small strip 
of copper foil about 1 inch long by } inch broad, till the absence of 
arsenic or antimony has been demonstrated, or a coating has been 


OO Oa a a ae 


IMPROVEMENTS IN REINSOH’S TEST FOR ARSENIC. 887 


produced. When the coating is decided, the piece of copper is taken 
out, washed, first with water, then with a little alcohol, to get rid of 
fatty matter, and finally with water. It is then placed in a mixture 
of dilute caustic potash and peroxide of hydrogen, and allowed to 
digest in the cold. At the same time a second piece of copper is in- 
troduced into’ the material which has given a deposit on the first 
piece, the washings of the first piece being added and the boiling con- 
tinued. 

Under the action of the peroxide of hydrogen and alkali, the arsenic 
and antimony are dissolved, and the copper regains its original bright 
appearance; it is then returned to the organic mixture, and the 
second piece of copper is taken out, washed, and digested, &c., like 
the first. 

It is important that the action of the peroxide of hydrogen and 
alkali should be allowed to take place in the cold, as otherwise the 
green hydrated oxide of copper produced becomes converted into the 
anhydrous or black oxide, and, adhering to some extent to the foil, 
prevents the copper from acquiring its original bright appearance. 

The process of boiling and digesting is continued, generally with 
three pieces of copper, till the whole of the arsenic and antimony has 
been extracted and dissolved, a little fresh peroxide of hydrogen being 
added as required. 

The alkaline liquid, which contains the arsenic and antimony as 
arsenate and antimonate and the copper of the coating as hydrated 
oxide, is now heated to boiling and filtered to get rid of the oxide of 
copper, then boiled down to small bulk. The concentrated liquid is 
washed into a small distillation flask with strong hydrochloric acid, 
ferrous chloride added, the flask fitted with a safety tube is con- 
nected with a small worm condenser, to the end of which an inverted 
chloride of calcium tube is attached, and the arsenic is distilled into 
water. To cbtain the last traces ofi arsenic, it is advisable to boil 
down twice with fresh quantities of strong hydrochloric acid. The 
distillate is then tested for arsenic by passing a stream of gaseous 
hydrogen sulphide through it for about five minutes, or adding an 
equal bulk of a saturated solution of sulphuretted hydrogen water. 
If the quantity of arsenic present is less than 1/10th of a milligram, 
there is a coloration, but no decided precipitate till after standing 
for some hours, but if more than 1/10th of a milligram of arsenic 
is present, a yellow precipitate is obtained; this, after standing 
for an hour or two, may be collected on a filter, washed, first with 
water, then successively with alcohol and carbon bisulphide, to re- 
move any traces of sulphur, then with alcohol, and finally with water. 
The arsenic precipitate is now dissolved off the filter with dilute 
ammonia, evaporated to dryness, and weighed as arsenious sulphide. 
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When there is no immediate precipitate, or when the precipitate is 
very small, very accurate results may be obtained by adding sulphur- 
etted hydrogen water to known quantities of arsenious acid in hydro- 
chloric acid solution of equal volume, and comparing the colours or 
allowing the precipitate to settle and comparing the volume of the 
precipitates. Jn this way, differences of 2/100ths of a milligram are 
quite perceptible, and, according to Curtmann (Jahr. Ber. Chem. tech., 
1891, 512), the presence of 1/1000th of a milligram of arsenious 
sulphide gives a slight yellow coloration. 

After the quantity of arsenic has been ascertained, the sulphide 
may be dissolved in caustic potash or caustic soda and converted into 
arseniuretted hydrogen with aluminium, and the presence of arsenic 
confirmed by the mirror and nitrate of silver tests. If it is. desired 
to test for arsenic with zinc and acid in the usual way, a slight excess 
of oxide of zinc dissolved in potash or soda added to the alkaline 
solution of the sulphide of arsenic combines with the whole of the 
sulphur, and converts the sulpharsenite into arsenite. The sulphide 
of zinc is then filtered off, and the filtrate acidified and introduced 
into the Marsh’s apparatus as usual. 

Antimony.—The residual liquid, from which the arsenic has been 
distilled, is tested for antimony by saturating it with hydrogen 
sulphide. The sulphide of antimony thus obtained, which is usually 
slightly dark in colour, owing to the presence of a trace of copper, 
is collected on a filter, washed, dissolved in dilute caustic soda, 
filtered to remove the copper sulphide, the filtrate acidified with 
hydrochloric acid, and sulphuretted hydrogen water added to ensure 
the complete precipitation of the antimony as sulphide. 

The precipitate, which has a pure orange colour, is then collected 
on a filter, washed successively with alcohol and carbon bisulphide, 
and finally with alcohol, after which it is washed into a small 
beaker, dried, and weighed as antimonious sulphide. 

For further identification, the sulphide of antimony can be dis- 
solved in hydrochloric acid, with the addition of a few drops of ferric 
chloride to decompose the hydrogen sulphide, and then introduced 
into the Marsh’s apparatus. 

A number of experiments, made in the absence of organic matter, 
gave the following results, with arsenic and antimony, in the form of 
arsenious acid and tartar emetic. 


Arsenic Euperiments. 
As taken. As,8, found. |As found. 
gram. gram. 
00069 0°0042 
00023 00014 
Not weighed 0°0004 by colour. 
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Antimony Experiments. 


Sb taken. Sb,S8, found. Sb found, 
gram. gram. 
0-0068 0°0049 
0:0023 0°0017 


Experiments made by adding known quantities of arsenious acid and 
tartar emetic to about 4 ounces of broth gave the following results. 


First Experiment. 


As taken 004 As found 


Second Experiment. 
gram. 
As taken 0-001 As found 
Sb ,, Sb 


These results show the sensitiveness of the process for the estima- 
tion of small quantities of arsenic and antimony in organic mixtures. 
In dealing with solid tissue, it is, perhaps, necessary, as has been 
alleged, to destroy the organic matter in order to obtain the whole 
of the arsenic; but it may be laid down as a rule that when you 
cannot get indications of arsenic and antimony by Reinsch’s test, it 
is unnecessary to apply the more troublesome process of Marsh, and 
Ithink I may say that, when both arsenic and antimony are present 
in the same organic mixture, the modification which I have described 
will be found to be very useful. It has also the advantage that, 
after the arsenic and antimony have been weighed as sulphide, they 
can be submitted to Marsh’s test and re-weighed if necessary; but 
the experiments which I have made corroborate the opinion of 
Fresenius and others, that when applied quantitatively, in the ordi- 
nary way, there is usually a considerable loss; according to J. Thiele, 
however, the whole of the arsenic is evolved if a hydrochloric acid 
solution of stannous chloride is added to the generating flask when 
the development of hydrogen is nearly at an end. 


City Analyst’s Laboratory, 
Glasgow. 
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LXI.—The Hydrates of Sodium, Potassium, and Lithium Hydroxides. 
By Spencer Umrrevitte Pickering, M.A., F.R.S. 


One of the- chief reasons which induced many chemists to look 
with distrust on the conclusions I drew from my work on sulphuric 
acid was the large number of the hydrates represented as existing in 
solution. Possibly no exception would have been taken if these 
hydrates had not exceeded four or five, but the existence of some 
18 or 20 was regarded as highly improbable, although, as a matter of 
fact no data existed on which an estimate of the probable number 
present in such a case could be based. The ground of this objection, 
however, will be removed if it is found that in other cases a similarly 
large number of hydrates not only exist, but can be extracted from 
the solution in a solid, crystalline condition. 

Sodium hydroxide has been found to be thus prolific in crystalline 
hydrates. In the case of sulphuric acid, between the limits of 1 and 
7H,0 (inclusive) to each H,SQ,, indications of five hydrates in solu- 
tion (two of them isolable) were obtained, whereas between these. 
same limits, in the case of sodium hydroxide, no less than eight have 
been actually isolated, and it is very probable that two others which 
have not been isolated also exist within these limits. 

The results with this substance are given in Table I and Fig. 1. 
The determinations were made in the manner already described 
(this vol., p. 144): a small quantity of a strong solution was taken 
and diluted by successive additions of water; the amount of water 
added being determined by measuring it, and also by weighing thie 
tube, with its contents, at intervals, and, as a further precaution, 
the solution obtained at the end of each series was titrated. The soda 
used was made from sodium. 

In the table, each series is distinguished by a different Roman 
numeral, and different portions of the same series will be found in 
different parts of the table, according to which hydrate crystallises 
from the solution in question. 

A glance at the figure will show that it is made up of a series of 
independent curves; each of these represents the crystallisation 
of a different hydrate, except in the region from 0 to 20 per 
cent., throughout which water crystallises. The elaboration of such 
a complicated figure was naturally a work of considerable time and 
labour. The first series performed in the region where the complica- 
tions exist (Series II) gave only two or three points on each of the 
curves, and the result was an apparently hopelessly irregular figure; 
but, from the appearance of the crystallisation, it was evident that 
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Fie. 1.—Freezing Points of Solutions of Sodium Hydroxide. 
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the same substance was not separating throughout, and another 
fuller series was performed, which led to the performance of yet 
other and fuller series, till before the nature of the figure was suc- 
cessfully elucidated no less than 34 series, comprising nearly 500 
determinations, had been made. 

The first few series were made with an alcohol thermometer, 
which, owing to the difficulty which there generally is in observing 
the moment when the crystals are all but melted in the liquid (the 
true freezing point), yields results as concordant as a mercurial one 
does. Its use, however, has this disadvantage, namely, that some- 
times the temperatures obtained in a series on one occasion will be 
throughout uniformly lower or higher than those obtained on another 
occasion. This is not due to any alteration in the zero point, as the 
latter was determined at the end of each series, but probably to the 
fact that an alcohol thermometer with a large bulb always lags 
perceptibly behind the temperature of the liquid in which it is 
immersed, and as the temperature of the latter may rise at different 
rates on different occasions, the lag of the thermometer may also be 
different. From this cause the series with the alcohol thermometer 
should each be treated separately for diagrammatic purposes, and the 
actual temperatures indicated are always somewhat doubtful. These 
remarks do not apply to the series with the mercurial thermometers : 
they are marked by asterisks in the tables. 

In observing the freezing points in the present case, we have most 
of the difficulties which are usually met with in such cases: viscous 
liquids which tend to become filled with air-bubbles, and prevent 
accurate observation of the moment when the crystals are just dis- 
appearing, also the invisibility of the crystals, owing to their refrac- 
tive index being nearly the same as that of the liquid. In addition 
to these we have the fact that several different crystallisations may 
take place in the same liquid, and that to obtain the one required in 
a particular instance necessitates care and experience, and even then 
is often attended with provoking failure. When a particular crystal- 
lisation occurred, which happened to be the one required, and of 
which the curve had to be followed, care was taken that the crystals 
were never entirely melted while taking the freezing point, and 
while more water was being added; in this way the same crystal- 
lisation was ensured throughout the series. At temperatures below 
about —15°, this method of procedure was impossible, as the water 
which was added congealed on the thermometer bulb, and the liquid 
had to be heated to nearly 0° before it could be melted. Attempts 
were made to work in the opposite direction, that is, to start with a 
weak solution and add successive amounts of a stronger solution, but. 
these attempts failed, as the drops of this strong solution crystallised 
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before they became mixed with the weaker solution, and caused the 
whole to crystallise as some hydrate other than the one required. 
The only successful method of working was found to be to touch off 
each solution separately with some of the required crystals kept at a 
suitable temperature for the purpose. 

It was eventually ascertained that when any solution from which 
two or more crystallisations are possible is cooled to a very low tem- 
perature, or is kept for some time at a moderately low temperature, 
those crystals are obtained of which the freezing point is highest. 
For instance, liquids from 22°5 to 25 per cent., when thus treated, 
always yield the pentahydrate, and not the hepta- or tetra-hydrate, and 
they may be used for touching off other liquids in order to obtain the 
rest of the pentahydrate curve (see Fig. 1). The knowledge of this 
fact can naturally, however, be properly utilised only after the general 
nature of the results has been fairly well elucidated, and this prelimin- 
ary elucidation is the main difficulty. It would be almost an impossi- 
bility, if the appearance of the crystallisation did not help in show- 
ing when the substance crystallising changed. After a little practice 
we can tell with certainty when the change occurs, the grittiness, 
flocculence, opacity, or size of the crystals being the main features in 
which one hydrate differs from another. These terms, of course, 
have but a relative meaning, as crystals which appear flocculent 
when separated during the rapid cooling of a small mass of liquid 
might be hard and gritty if formed slowly in larger masses; never- 
theless, they describe with sufficient accuracy the very palpable 
changes which occur in determinations such as the present. 

The determinations vary in accuracy, not only according to the 
nature of the hydrate crystallising, but also according to which 
portion of any particular curve is béing examined. Near the maxi- 
mum part of a curve small differences of temperature produce com- 
paratively less effect on the amount of crystals present, and the 
determinations are proportionately more accurate. 

The composition of the hydrates was determined by ascertaining 
the strength of solution which gave the maximum freezing point. 
This maximum must correspond with the composition of the crystal- 
lising substance (see this vol., p. 142). 

The position of various maxima are given in Table II, and with 
two exceptions, which will be discussed separately, they coincide 
almost exactly with simple molecular proportions: the differences 
range only from 0°005 to 0°03 H,O, or from 0°02 to 0°27 in the per- 
centage of anhydrous soda present. The positions were determined 
from the smoothed curves drawn with the help of a bent lath through 
the experimental points. 

The maxima can, in most cases, be attained only by performing 
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special series—using the ‘‘ touching off” method; if necessary—for 
the purpose, except in the cases of the hydrates with’'H,O, 3:11H,0, 
and 4H,0O 8, where the maxima are attained without using any special 
methods. When a full series of determinations is made with solu- 
tions of successive strengths from 70 per cent. downwards, we get 
freezing points of the other hydrates on the left-hand branches of 
the curves only (see Fig. 1). The hydrates marked NaOH,H,0, 
2H,0, 3:11H,0, and 4H,O>p crystallise in succession, the freezing 
points falling on the whole throughout, then at about 32 per cent. 
there is a sudden rise from —5° to +5°, when we get the hydrate 
NaOH,4H,0 crystallising ; then the pentahydrate crystallises, and a 
point or two on the heptahydrate curve may or may not be obtained 
accidentally. At about 20 per cent. the crystallisation of water begins, 
and the freezing points gradually rise to 0°. 

The 3°5H,0 hydrate is not usually obtained, though it may always 
be obtained by excessive cooling. It is the only one of the hydrates 
here isolated which have been previously described. It was obtained 
by Rose in 1863, and again by Hermes (Ann. Phys. Chem., 119, 170), 
though it was not fully examined by either of them. Hermes gives 
its melting point as 7°0°, whereas it is really 15°5°; and he also differs 
from Rose as to its crystalline form. It is possible that what he 
obtained and analysed was the tetrahydrate (m. p. 7°6°) contaminated 
with mother liquor. 

Starting with the strongest solutions, and a freezing point of 
+192°, we get what is probably anhydrous soda, or some low hydrate 
erystallising. This portion of the figure, however, I have examined 
only superficially. The freezing points from +192° to +60° form an 
approximately straight line. 

The monohydrate then crystallises, the freezing points rising to 
+643° and subsequently falling to +45°. This hydrate crystallises 
very easily in large, pointed, and semi-transparent crystals, It is 
surprising that no description of it has yet been published, for it 
always forms in large crystals whenever a hot concentrated solution 
of soda is allowed to cool. Professor Dunstan informs me that it 
was obtained and analysed in’ his laboratory some years ago. Series I 
was of too rough a character to afford any satisfactory evidence as to 
the position of the maximum. 

The dihydrate crystallises in semi-transparent crystals, much less 
well formed than the. monhydrate, and they do not feel at all gritty 
when rubbed against the tube. The various determinations in this 
case are only of an approximate character, for the separation of the 
crystals is, especially in the stronger solutions, accompanied by the 
formation of a mass of air bubbles which renders accurate observa- 
tions impossible. 


$94 PICKERING: THE HYDRATES OF SODIUM, 


In this case (the only case in the whole series), it was not found 
practicable to extend the results quite as far as the maximum. The 
position of this maximum, which is obtained by extending the figure 
formed by the determinations by a bent lath curve, must, there- 
fore, be doubtfal, the exactness of the concordance which it shows 
with the composition of the dihydrate being a chance; but I do not 
think that there can be much doubt that the hydrate really is the 
dihydrate. 

The next hydrate is one to which special interest attaches. The 
mean position of the maximum is at 41°68 per cent., which is not 
far from the composition of a trihydrate, this containing 42°55 per 
cent. But I do not think that it is possible to regard it as such: of 
the six series which are available for the determination of the maxi- 
mum, every one gives its position to be very appreciably lower than 
42°55 per cent., and the three series with the mercurial thermometer, 
which were performed with special care, clearly show that the freez- 
ing points at 42 to 43 per cent. are lower than those at 41 per cent. 
Moreover, the accuracy with which the maxima in the case of other 
hydrates coincide with simple molecular proportions precludes the 
idea of there being any mistake as to the composition of the solution 
which would amount to a whole unit in the percentage values. 

We can but conclude, therefore, that the hydrate is one of complex 
character. All the series are very concordant, those with the mer- 
curial thermometer especially so, and the mean value given for the 
position of the maximum (allowing half weight to those series made 
with an alcohol thermometer) is 41°677 per cent., which represents 
exactly 9NaOQH,28H,0. Such a composition may appear, according 
to our present notions, to be somewhat improbable, but if we repre- 
sent the hydrate as a compound of the tetrahydrate with a trihydrate 
not yet isolated, the improbability disappears, the hydrate becoming @ 
comparatively simple compound of 8(NaOH,3H,0) with NaOH,4H,0. 
Additional countenance is given to this view by the fact that we 
have another hydrate which either is, or may be regarded as, & 
molecular compound of these two hydrates, namely, NaOH,3°5H,0 
or NaOH,3H,O + NaOH,4H,0. The actual isolation of a hydrate 
of this complex character is of special interest in connection with my 
work on sulphuric acid, for I found two breaks indicating the exist- 
ence of complex hydrates containing about 6 mols. of the mono- 
hydrate to 1 of sulphuric acid and to 1 of water respectively. 

This hydrate forms in very bulky, transparent crystals, which feel 
only very slightly gritty. 

The 3:5-hydrate forms large, well-defined, transparent and gritty 
crystals. The curve representing its crystallisation extends over ® 
considerable region, as will be seen from Fig. 1. 
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The existence of two different tetrahydrates is another matter of 
considerable interest. It was thought, at first, that one of them was 
the tetrabydrate and the other a complex hydrate differing from it 
but slightly in composition. But if this is so the difference is too 
slight for detection in experiments such as the present, and is cer- 
tainly less than 0°05H,O. The two series which are most to be 
relied on for the position of the maxima in the two cases are XXII 
and XVIII respectively, and they each give exactly the same value, 
namely 35°8 per cent., corresponding with NaOH,3'985H,0. (Series 
XIX and IX have not been included in the means in Table II owing 
to their meagreness.) 

The freezing points of the two tetrahydrates differ considerably, 
being +7°57° and —1°7° respectively. Both hydrates form in small, 
acicular crystals, those of the a-hydrate (that with the highest 
melting point) being considerably more gritty than those of the 
B-hydrate. 

It is an interesting matter for speculation as to what the difference 
between two such hydrates can be, whether it is a difference of 
molecular structure or whether it is a case of polymerisation, and, if 
so, whether it occurs in the liquid hydrate or in the solid hydrate only. 
The fact that the freezing point of the a-tetrahydate is exceptionally 
high as compared with the other hydrates, and that it appears to be 
more analogous to the 3°5-hydrate, which must contain at least 
2NaOH, suggest, at first sight, that it may be a polymeride containing 
also 2NaOH, that is, 2NaOH,8H,O. But the position of the 3:11- 
hydrate does not bear out the suggestion that a complexity of struc- 
ture is accompanied by a rise in the freezing point, and we know so 
little about the freezing points of any series of hydrates that we are 
scarcely justified in even speculating on the subject. 

There seem to be other instances known of the existence of two 
modifications of the same hydrate. One is in the case of calcium 
chloride, and there also it is the tetrahydrate (Lefévre, Compt. rend., 
70, 684; Hammerl, Wien Sitzwngsber. II. Abth., 72, 667; and Rooze- 
boom, Rec. Trav. Chim., 8, i, 9), but the freezing point curves in this 
case were not traced up to their maxima, and the analyses on which 
the composition of the crystals were based would not have distin- 
guished between a tetrahydrate and a moderately compiex hydrate 
approaching it in composition. There are also said to be two modi 
fications of the heptahydrate of sodium carbonate, having different 
solubilities, and in connection with these I may recall my own obser- 
vations as to the evidence of three modifications of the anhydrous 
double sulphates of the type M’SO,,K,SO, (Trans., 1886, 49, 1) and 
of two modifications of anhydrous sodium sulphate (Trans., 1884, 45, 
686). 

VOL, LXIII. 3 P 
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The pentahydrate forms in crystals which feel only slightly gritty 
near the maximum of the figure, and not gritty at all in the lower 
regions of the curve; here they appear as a fine opaque crystallisa- 
tion, which is easily distinguishable from the heptahydrate, which 
forms small, gritty and non-transparent crystals. 

From Table II it will be seen that the maximum attained by the 
pentahydrate (30°03 per cent.) does not coincide exactly with the 
calculated composition of such a hydrate, which is 30°77 per cent., 
and it is most probable that we have here another case of a complex 
hydrate similar to the 3:1l-hydrate. But the difference in the per- 
centage composition between the values found and those calculated 
for a simple molecular proportion is smaller than in the former case, 
and, owing to the more gradual manner in which the maximum is 
attained, there is greater difficulty in determining its exact position. 
I have thought it safer, therefore, not to insist on the reality of the 
difference observed, but to regard this hydrate provisionally, at any 
rate, as a pentahydrate. The mean position of the maximum found 
corresponds to NaOH,5,*;H,0, or a complex hydrate, which might 
be represented as consisting of 10 mols. of a pentahydrate, united 
with 1 mol. of the heptahydrate. If this is really its composition, 
then there would also exist a pentahydrate which has not been 
isolated. 

Between 19°9 and 20°5 per cent. (see Table I), four freezing points 
were observed, which did not appear to belong to any of the 
crystallisations described so far. They gave a very opaque, flocculent 
crystallisation, more nearly approaching in appearance to that of water 
than to that of the hydrates, but not nearly so opaque as that of water, 
and easily distinguishable from it. The three consecutive determi- 
nations in Series X suggest that the maximum of this crystallisation 
is at about 20°2 per cent., and the hydrate might be a nonohydrate, 
which contains 19°80 per cent. The observations, however, are too 
few in number to permit of any feeling of certainty as to the reality 
of this as a separate crystallisation. 

From about 20 per cent. downward water crystallises, and the 
curve which represents the results indicates the existence of two 
well marked changes of curvature at about 12°3 and 4 per cent 
respectively ; these correspond to hydrates containing 16 and 53H,0. 

In the figures representing the crystallisation of the various 
hydrates, indications of changes of curvature may also be seen 
(though to simplify matters I have not depicted them in the wood- 
cut), and these indications occur at points corresponding with the 
composition of hydrates which have actually been isolated. Thas, 
in the curve of the 3'5-hydrate, there are changes of curvature cor- 
responding with the 3'11-hydrate and the tetrahydrate ; also the curve 
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of the 2-tetrahydrate shows a break corresponding to the pentahydrate, 
indeed, I was led to infer the existence of the pentahydrate from 
this break long before I ascertained that I had actually isolated it. 
Thus further evidence is obtained, unintentionally in this case, of the 
connection between changes of curvature and existing hydrates. 
There appear to be some indications both in the pentahydrate and 
heptahydrate curves of a break corresponding to an octohydrate, but 
there are none corresponding to a hexahydrate, the absence of which 
in such a complete series is very noticeable. 

I have already pointed out (Trans., 1890, 5'7, 340) that when we 
extract a hydrate from a solution, we have a very strong argument 
that some molecules of that hydrate exist in the solution. The only 
alternative hypothesis is that the water and the substance are thrown 
out of the solution the instant these combine together, that is, that 
the hydrate is insoluble, a most unacceptable view, even if we did 
not know that whenever two substances are thrown out at the 
moment of their combination with each other, as in the precipitation 
of insoluble salts, they are invariably thrown out in the amorphous, 
and not in the crystalline condition. We may safely conclude, there- 
fore, that in solutions of soda we have, at least, as many hydrates, 
eight, as have been extracted from the solutions, and, as a very super- 
ficial study of the literature on hydrates will show that hydrates are 
often obtained from solutions only under special conditions, it is highly 
improbable that by the simple means adopted in the present case we 
should have succeeded in isolating all the existing hydrates. Indeed 
there are good grounds for concluding that there are three more 
hydrates, the trihydrate and the two higher hydrates indicated by 
the breaks in the water curve, and some grounds for concluding that 
there are yet three others, those with 5, 8,and 9H,O. The possible 
total is thus 14, and this is in a case where only three-quarters of 
the whole available range of solutions has been investigated, and 
where also no suitable examination of the extreme dilute solutions 
has been made, which solutions in the case of sulphuric acid I 
found to be prolific in hydrates. This will show that there is no 
improbability attaching to my former conclusions that sulphuric 
acid in the whole range of its solutions forms about 20 hydrates, 
especially when we remember that sulphuric acid is a substance 
which, as far as we can tell, possesses a much stronger affinity for 
water than soda does. Why in the case of soda such a much larger 
number of hydrates should be isolable than in that of sulphuric acid 
we do not know; it is probably dependent on some peculiar pro- 
perty of sodium in combination, for sodium salts generally, as is well 
known, are especially prolific in hydrates. 

There is one other very important point on which the present 
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experiments throw some light, namely, the number of hydrates co- 
existing in a solution of a given strength. In some cases as many as 
four hydrates have actually been obtained from the same solutions 
(30—32 per cent.), and if the curves representing the various crys- 
tallisations had been followed further (and we may prolong them 
with a bent lath with a fair degree of certainty), it is evident that 
often five, and perhaps sometimes six, hydrates could have been 
separated from, and therefore must have existed in, the same solu- 
tions. Hence, solutions must be very complicated in their con- 
stitution, and this is why Mendeléeff’s theory as to the rectilineal 
character of the rate of change of the densities with change of 
percentage composition should have proved to be incorrect (see 
Trans., 1887, 51, 779 ; 1890, 57, 79), since it was founded on the sup- 
position that only two hydrates were present simultaneously in a given 
solution.* 


Potassium Hydrowide. 


The results with potash are of « much simpler character than those 
with soda. They are given in Table III and Fig. 2, ABC. 

Three hydrates only were obtained, containing 1, 2, and 4H,0 
respectively ; their freezing points were +143°, +35°5°, and —32°7° 


(mean of —32°45° and —33'0°). Of these the dihydrate is the only 
only one which has been previously describedt (Walter, Pogg. Ann., 
39, 192). Solutions containing less water than the monohydrate 
were not investigated. 

The monohydrate crystallises in large, radiating crystals. The 
maximum of the freezing points is reached at 76°3 per cent., which 
represents KOH,0°97H,0, the monohydrate requiring 75°68 per cent. 

The dihydrate forms in small, gritty crystals. The maximum 
obtained by prolonging the curve with a bent lath is found to be at 
60 per cent., representing KOH,2°08H,0 ; the theoretical percentage 
is 60°87. If this hydrate had not been previously known, the 
present experiments would scarcely have been sufficient to establish 
the position of the maximum with certainty. 

The tetrahydrate crystallises in large, transparent crystals, and its 
crystallisation extends over but a small region. The maximum is 
just attained before the crystallisation of the dihydrate begins. The 
two series gave 44°3 and 44-0 per cent. respectively (mean 44°15) as 


* I feel somewhat doubtful whether it would be rectilineal even if two hydrates 
only were present. ; 

+ Mendeléeff in his Principles of Chemistry (English translation, 1, 542, foot- 
note), speaks of KOH,4H,0 as being the hydrate of potash which has been isolated. 
This is evidently a misprint for KOH,2H,0, or else a mistranslation of the old 
formula KO,5HO. 
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the position of the maximum. This corresponds with KOH,3°94H,0, 
the theoretical composition of the tetrahydrate being 43°75 per cent. 
Attempts were made by cooling in various ways to obtain another 
modification of the tetrahydrate similar to that existing in the case 
of soda, but without success. 


Fi@.{2.—Freezing Points of Solutions of Potassium and Lithium Hydroxides. 
Per cent. hydroxide. 
0 10 20 30 40 50 60 70 80 


& 


After the tetrahydrate, water crystallises, and the curve obtained 
does not show any special peculiarities; it was not, however, investi- 
gated very fully. 


Lithium Hydroxide. 


The results with lithia are still simpler than those with potash. 
Water crystallises from 0 to 11 per cent. (see Table IV and Fig. 2, 
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Taste I.—Freezing Points of Aqueous Solutions of Sodium Hydroxide. 


Per cent NaOH. F. p. Per cent. NaOH. | F. p. 


The anhydrous (?) hydroxide The on ee —cont, 
crystallises—- 5 < 

L® 72-06 > +63°5 
70°76 J) 4+64°3 
+192 69°37 + 64°4 
+159 67 *92 
+110 66°45 
+ 80 64°61 
+ 60 62°85 
60°55 
57 95 
55°13 


The monohydrate crystallises— 
* 

. The dihydrate crystallises— 
63 Il. 

64 49°11 
63 45-78 
61 
55° 
49 
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* A mercurial thermometer was used in these series. 
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TasLe I—continued, 


Per cent. NaOH. | F. p. Per cent. NaOH. F. p. 


The dihydrate crystallises—cont. The 3:11-hydrate crystallises—cont. 
VIil. VI: 

51°70 | on 
50°72 | a 
can | 41°95 
49 -05 4146 
, 2S" 40 “90 
' 47°89 | 40°37 
47 -02 
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46°22 
45°39 | = 
44°60 fh 
43°74 | 87°67 
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The 3°11-hydrate crystallises— 
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Taste I—continued. 


Per cent. NaOH. F. p. Per cent. NaOH. F. p. 


The 3 °5-hydrate crystallises — The a-tetrahydrate crystallises— 
Vv. III. 


31°29 
30°21 
29°13 
28°16 
27°19 
26 °20 
25 47 
24°64 


ESSERE 
Sea8SE 
BEESE SS. 
Pll al 
@S2nwonrrh Wwe bo 
waADRSSSH+9 
co or 


uw 


or 


bi beets 
wo 


Saar nwnreoorh bw 
SSE agHE 


D ch s3 6d co 
oo 


:eeeeeuasns 
Pit 
Sees 
bo & 


x 


BANWAAAAwIASIWS 


Sand 
o 


POTASSIUM, AND LITHIUM HYDROXIDES, 


TABLE I—continued, 


Per cent. NaOH. F. p. Per cent. NaOH. | F. p. 


The a-tetrahydrate crystallises—cont. The 8-tetrahydrate crystallises— 
XIX.* II. 


34°02 
34 °02 
33°18 
32°58 
31°98 
31°38 
30 *89 
30°31 
29°76 
29°14 
28 °68 
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27°69 
26°90 
25°94 
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TasLeE I—continued, 


Per cent. NaOH. | F. p. Per cent. NaOH. F. p. 


The pentahydrate crystallises— The pentahydrate crystallises—cont, 
II. XXVL* 


25°16 —18°2 28-26 —13° 
23°31 —21°7 27°80 —13° 
27°24 —13° 
26 *48 —15° 
22-03 “ 25 *42 | ° 16° 


XXVILI.* 


25°34 
24°86 
24°39 
23°86 
23°34 . 

22 °44 : XXVIII.* 
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21° 


24° 
23° 
23° 


24° 
24° 
23° 
23° 
22° 
22° 
22: 
21° 
21° 


POTASSIUM, AND LITHIUM HYDROXIDES. 


TaBLe I—continued. 


Per cent. NaOH. F. p. Per cent. NaOH. F. p. 


The heptahydrate crystallises— The heptahydrate crystallises—con?. 
II. XXVII.* 


21°53 —24°2 23°63 —24°0 
19 80 22°13 —24°2 
21°56 -24°8 
20°94 —25 +25 
19 “92 —26° 


XXXIII.* 


20°98 25°15 
20°59 | 25°25 
19-46 | —26°4 


A hydrate crystallises—- 
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Water crystallises— 
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Taste I—continued. 


Per cent. NaOH. | F. p. Per cent. NaOH. F. p. 


Water crystallises—cont. Water crystallises—cont. 
ITT, XXIX.* 


20°52 (—33°0) 
19°69 —31°4 

19-28 | —29 25 
18°69 | — 27°50 
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18 °85 
17°56 
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ADE), after which a hydrate, which by analysis was found to be the 
monohydrate, crystallises. The maximum for the freezing points of 
this hydrate was not reached, as the solution boils before it is 
attained. The hydrate has been already described by Muretow 
(Ber., 5, 331). 

The “water” curve indicates a somewhat feeble break at 6'2 per 
cent. (mean of 60 and 64 per cent. in the two series) corresponding 
to about LiOH,13H,0. 
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TasLe IIl.—Freezing Points of Aqueous Solutions of Potassiwm 
Hydrozide. 


Per cent. Per cent. 
KOH. | F. p. KOH. F. p. 


First Series. Second Series. 
KOH,H,0 crystallises. KOH,H,0 crystallises. 


66 °415 110 ‘0° +139 *15° 
64°573 | 105-0 . + 134 °65 
62 °499 88°5 +127°9 
| 70°0 7 +118°6 
0 +105°8 
+ 90°0 
+ 69°75 
KOH,2H,0 crystallises. . + 53°7 
; + 41°8 


60 *423 


58 °516 49° 


56 “716 
54 "986 
53 °388 . KOH,2H.0 crystallises. 
51°852 
50 *467 ‘ ; 32°5 
48 142 . ; 30°0 
45 °874 ‘ f 28 °0 
; 24°0 
20°0 
KOH,4H,0 crystallises. . - 12°5 
‘ 3°5 
43 -092 —32°7 : 9°0 
40 095 —35°0 ‘ about —27 
37 *327 —42°2 
34° 352 none at —75 


KOH,4H,0 crystallises, 


Water crystallises. 44°29 — 33°0 
43 °12 — 33°0 
30 *833 —65°2 41°87 — 34°2 
27 029 —44°2 40 -66 | — 36°2 
22 °661 —30°5 
18-496 —20°7 
12 °966 —11°2 

6°839 — 4°6 

3 ‘509 — 22 
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TaBLe IV.—Freezing Points of Aqueous Solutions of Lithium 
Hydrowide, 


Per cent. Per cent. 
tion. | “FP Lion. | FP 


! 


First Series. Second Series. 
LiOH,H,0 crystallises. LiOH,H,0 crystallises, 


13 ‘20 + 78°5° 13°31 +81°1° 
12 ‘60 +72°0 13°01 +77°3 
11°91 | +58°0 12°69 + 71°85 
12°36 | +66°5 
+58°5 
Water crystallises. ; +45°5 
+33°5 
9°45 : . | +10°0 
8°77 
8-07 
7°40 ‘ Water crystallises. 
6 66 
5°86 . 10°65 —17°4 
4°99 ‘ —16°75 
4°05 5 
3°20 
1°39 
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2°83 
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LXII.—On Glucinum. 
By Joun Gipson, Ph.D. 


Part I.—On the Preparation of Glucina from Beryl. 


VavqueLin, who first discovered the presence of a peculiar earth 
in beryl, pointed out that, unlike alumina, glucina does not form au 
alum, and took advantage of this fact to effect a preliminary partial 
separation of the two earths (Annales de Chemie, 1798, 26, 170). 
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The advantage of effecting this preliminary separation appears to 
have been subsequently overlooked for a considerable period, as no 
mention is made of it until Scheffer, in a paper published in 1859 
(Annalen, 109, 144), lays stress on its value as a first step in the 
preparation of pure glucina. Although Scheffer himself does not 
speak of the method as a novel one, the credit of first suggesting it 
has been erroneously attributed to him (Graham-Otto’s Lehrbuch der 
Chemie, 5te Aufi., 2ter Band III, 697). Since the publication of 
Scheffer’s paper, and of Joy’s elaborate review (Amer. J. Sci. [2], 36, 
83) of the various methods for effecting the decomposition of bery], 
preference has very generally been given to those methods in which 
the bulk of the aluminium is separated as potassium or ammonium 
alum as a preliminary step. 

During the progress of this investigation all the more important 
methods hitherto suggested for the decomposition of beryl, and the 
preparation from it of pure gluciua, have been tested; but as almost 
all of them have been reviewed by Joy, I shall merely state that my 
experience coincides very closely with his, and that the two methods 
which he selects as the most satisfactory, namely, fusion with pctas- 
sium carbonate and fusion with potassium hydrogen fluoride, followed 
in each case by treatment with strong sulphuric acid and the separa- 
tion of the bulk of the aluminium as alum, gave in my hands also 
better results than any of the other methods hitherto described. 

In 1864, Wolcott Gibbs, in a paper onthe use of potassium hydro- 
gen fluoride in analysis, makes the following statement :—“ Glucina 
may be obtained directly from beryl (as Mr. Newberry has found) 
by fusing the pulverised mineral with hydrofluoride of potassium, 
dissolving out the soluble double fluoride of glucinum and potas- 
sium, and purifying by crystallisation. As, however, beryl contains 
only 13 or 14 per cent. of glucinum, this process is not economical” 
(Amer. J. Sct. [2], 3'7, 356). 

A more important objection to this method lies in the fact that the 
fused mass is extremely hard, and must be finely ground prior to 
extraction with water. The labour and loss of time involved in first 
powdering the bery] itself finely, and then repeating the operation on 
the fused mass is very considerable, especially in working with large 
quantities. Having found the use of potassium hydrogen fluoride un- 
satisfactory, I was led to try the effect of substituting the ammonium 
for the potassium salt, and some preliminary experiments showed 
that ammonium hydrogen fluoride effects the complete decomposition 
of beryl at a relatively low temperature, even when the mineral is 
only coarsely powdered. The saving of time and labour which this 
involves will be readily understood, as beryl is an exceedingly hard 


mineral. 
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The crude ammonium hydrogen fluoride employed was prepared 
by neutralising commercial hydrofinoric acid in a leaden dish with 
solid ammonium carbonate, adding a second quantity of hydrofluorie 
acid equal to that taken at first, and then concentrating the solution 
at a gentle heat on a sand-bath. On cooling, the solution set to a 
mass of crystals of the double fluoride, which, after being drained 
from the small quantity of mother liquor, was preserved in earthen- 
ware jars coated internally with paraffin. 

A small portion of coarsely powdered beryl was heated with about 
6 parts of ammonium hydrogen fluoride in a platinum basin, at first 
over a Bunsen burner, and then over the blowpipe. On extracting: 
with water and filtering, a solution was obtained which gave, with 
ammonia, a white precipitate, and when poured into excess of a strong 
solution of ordinary ammonium carbonate, a clear solution. No 
darkening took place on adding ammonium sulphide, either to the 
white precipitate formed on adding ammonia, or to the solution in 
ammonium carbonate. The glucinum contained in the aqueous 
extract was, therefore, apparently free from iron, and if not perfectly 
free from aluminium, at least, so far free as to give clear solutions in 
presence of excess of ammonium carbonate. The yield, however, was 
unsatisfactory. 

Farther experiments showed it to be advantageous to use a larger 
proportion of hydrogen ammonium fluoride: and it was also found to 
be necessary to avoid heating too strongly, as this leads not merely 
to the formation of insoluble fluosilicate, and ultimately of fluoride of 
aluminium, but also gives rise to insoluble compounds of glucinum. 
Fluoride and fiuosilicate of glucinum, when strongly heated, leave 
residues entirely, or almost entirely, soluble in water ; but in presence 
of the corresponding compounds of aluminium, it is not always easy 
to prevent the formation of a large proportion of insoluble compounds 
of glucinum. Judging from further experiments, it seemed probable 
that, by a careful regulation of the temperature, it might be possible 
to effect a satisfactory separation of aluminium and iron from 
glucinum by means of ammonium hydrogen fluoride alone. The 
immediate object, however, was to obtain, as rapidly as possible, the 
glucina from a large stock of beryl, and, accordingly, experiments 
were made in order to ascertain, in the first instance, the conditions 
under which coarsely powdered beryl leaves a residue from which 
the whole of the glucinum may be obtained in solution by simply 
boiling with water, even though the glucinum be accompanied by 
some aluminium. 

It was always found to be an easy matter to render the greater part 
of the aluminium fluoride insoluble in water, and thus to effect a pre- 
liminary partial separation of the two earths. Satisfactory results 
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having been obtained, after a series of trials on a small scale, 5 kilos. 
of coarsely ground beryl were treated, 1 kilo. at a time, with about 
6 parts of ammonium hydrogen fluoride. 

As the mode of operation was altered in each case, it may be of 
interest to give a short account of the manner in which each kilo. 


was worked up. 


Working up of the 1st kilo. 


The coarsely ground mineral and the ammonium hydrogen fluoride 
were thoroughly mixed together in a large iron pot, such as is 
commonly used in cooking, and the whole heated over a coal fire. 
The mass soon liquefied, and then boiled up, but after some time 
became thick, and at this stage was well stirred with a wooden 
stirrer.* After some time, the mass became solid, dense white fumes 
were given off, and a white sublimate, which proved to be ammonium 
fluosilicate, formed on the lid of the pot. At this stage, having been 
allowed to cool, the mass was roughly powdered in a porcelain mortar, 
after which it was again heated in the iron pot until the evolution of 
white fumes became very slow. The residue was then boiled in the 
iron pot with water for several hours, the solution allowed to settle, 
and the clear liquor poured off. The residue was boiled with a fresh 
quantity of water, and the extraction repeated until the water in 
which the residue had been boiled gave no precipitate with ammonia. 
The whole was then filtered, the filtration being fairly rapid. A 
current of hydrogen sulphide was passed through the filtrate, con- 
tained in glass jars coated internally with paraffin, and ammonia solu- 
tion was added from time to time, in small portions, without inter- 
rupting the current of hydrogen sulphide, until a test portion of the 
liquid filtered from the black precipitate of ferrous sulphide gave a 
white precipitate with ammonium sulphide, showing that the iron 
had been removed from solution. The ferrous sulphide, which con- 
tained a little glucinum hydrate, was then filtered off, and the filtrate 
precipitated by sulphide of ammonium. In order to effect what 
appeared to be a complete precipitation, it was found necessary not 
merely to add an enormous excess of ammonium sulphide, but also to 
dilute very largely with water. The precipitate was washed with hot 
water, dried, and ignited in a platinum basin. 

The glucina thus prepared, when dissolved in sulphuric acid and 
poured into a solution of pure ammonium sesquicarbonate, gave a 
clear solution which did not blacken with ammonium sulphide, but 
was by no means pure. The yield of crude glucina was 100°5 grams. 


* An iron pot was used, because in working with such large quantities a very 
large vessel is necessary, especially as great frothing takes place. 
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Working up of the 2nd kilo. 


The mineral was heated with 6 parts of ammonium hydrogen 
fluoride until the sublimation of the ammonium fluosilicate became 
very slow. After about five hours’ heating, the residue was extracted 
with water and filtered, and the filtrate treated as before with 
hydrogen sulphide and ammonia. 

After filtering from the precipitated ferrous sulphide, excess of 
ammonia was added to the filtrate, and the precipitated hydrate of 
glucinum filtered off; the filtrate from this was evaporated to dry- 
ness, ignited in a platinum basin until the ammonium salts were all 
driven off, and the residue boiled with water, in which it dissolved 
almost entirely. The filtered solution was poured into a solution of 
ammonium sesquicarbonate, to which ammonium sulphide had been 
added. After filtering from the small, black precipitate produced, 
the solution was boiled, but no precipitate was produced. On adding 
a considerable excess of ammonia, a portion of the glucina was pre- 
cipitated ; but the filtrate from this second precipitate of glucinum 
hydrate, when evaporated to dryness in‘a platinum basin, still left a 
residue of fluoride of glucinum weighing about 200 grams. Accord- 
ingly the fluoride was heated with excess of strong sulphuric acid, 
in order to convert the glucinum fluoride into sulphate. 


After driving off the excess of sulphuric acid, the glucinum sulph- 
ate was dissolved in water. From the solution thus obtained, the 
glucina was readily precipitated as hydrate by means of ammonia. 


Working up of the 3rd kilo. 


The heating with ammonium hydrogen fluoride was carried out as 
with the 2nd kilo., and the residue extracted with water and filtered, 
the volumes of the united filtrates being about 5 litres. As the 
previous trials had proved that it was not possible to effect the complete 
precipitation of glucina by ammonia, or sulphide of ammonium, from 
the fluoride solution, the aqueous extract was evaporated down to 
dryness in the iron pot. The residue, consisting chiefly of fluorides 
and fluosilicates of glucinum and iron, was heated in a platinum 
basin with excess of strong sulphuric acid. The mixed sulphates 
were dissolved in water, and the solution treated as before with 
hydrogen sulphide and ammonia until the iron was completely pre- 
cipitated. After filtering from the ferrous sulphide, the glucina was 
precipitated from the filtrate by ammonia. It was then collected on 
filters, well washed, dried, and ignited. This glucina weighed 
108 grams, and was much purer than that obtained from the Ist kilo., 
the greater yield being accounted for by the more complete precipi- 
tation of the glucina from the sulphate solution. 
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Worktng up of the 4th kilo. 


The coarsely ground mineral was heated with 6 parts of am- 
monium hydrogen fluoride for seven hours, the residue being then 
taken out, powdered, and returned to the iron pot, after which the 
heating was continued for five hours longer. The residue, which was 
of a rust-red colour and weighed 765 grams, was then extracted with 
water, and the solution filtered. The insoluble residue, after being 
washed with water, dried, and ignited, weighed 472 grams. The 
filtration was very easy and rapid. The filtrate containing the whole 
of the glucinum was evaporated to dryness and treated, in a large 
platinum basin, with strong sulphuric acid. After driving off the 
excess of sulphuric acid, the residual sulphates weighed 640 grams. 
The sulphates were dissolved in 2°5 litres of water, and the solution 
divided into two equal portions. The first of these was rapidly 
poured into 5 litres of a saturated solution of ammonium sesqui- 
carbonate, and as a considerable precipitate remained undissolved, 
another litre of the ammonium carbonate solution was added, with- 
out, however, effecting complete solution. On passing carbonic acid 
through the mixture, the precipitate seemed to increase. Finally, 
about-900 c.c. of a strong solution of ammonium sulphide was added, 
and the solution filtered. The filtrate, which was perfectly clear, and 
of a fine yellow colour, was boiled in order to decompose the ammo- 
nium carbonate, and the precipitated basic carbonate of glucinum 
was washed, dried, and ignited. 

The iron in the second portion of the sulphate solution was per- 
oxidised with nitric acid, and the solution then added gradually, with 
frequent agitation, to 4°5 litres of a saturated solution of ammonium 
sesquicarbonate, whereby complete solution of the ferric hydrate as 
well as of the glucina was effected. To the deep red solution, 900 c.c. 
of ammonium sulphide was added in portions of about 100 c.c. ata 
time, and the solution filtered. The filtrate was boiled in order to 
decompose the ammonium carbonate, and the precipitated basic 
carbonate of glucinum collected on a filter, washed, dried, and 
ignited. 

In working up both these portions, the bulky precipitates of ferrous 
sulphide were washed with well boiled water containing a little 
ammonium sulphide, but the wash waters were not allowed to mix 
with the main ammonium carbonate solutions, as it was found that 
they always contained not inconsiderable traces of iron. 

The. addition of so large an excess of ammonium sulphide was 4 
mistake, as it caused the precipitation of much glucina from the 
ammonium carbonate solution, so that it was necessary to work up 
the ferrous sulphide precipitates over again. In order to separate 
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the glucina contained in these precipitates, they were dissolved in 
sulphuric acid, and after peroxidation of the iron with nitric acid 
the solution was poured into a saturated solution of ammonium 
sesquicarbonate. From the resulting blood-red solution, the bulk of 
the iron was precipitated by adding an equal volume of boiling water. 
After filtering from the precipitated ferric hydrate, a small quantity 
of ammonium sulphide was added to the solution, which was then 
filtered from the small precipitate of ferrous sulphide. On boiling 
the solution, now nearly free from iron, a precipitate of basic 
carbonate of glucinum was obtained which, on ignition, gave a quan- 
tity of almost perfectly white glucina. Unfortunately a considerable 
proportion of the glucina from this kilo. was lost accidentally. 
This glucina was, however, purer than any obtained previously, and 
on subsequent examination was found to contain less than 1 per cent. 
of alumina. 


Working up of the 5th kilo. 


The coarsely-powdered mineral was heated as before with 6 parts 
of ammonium hydrogen fluoride for about seven hours, powdered, 
and again heated gently in the iron pot for about four hours until 
the residue was of a straw-yellow colour not so dark as the residue 
from the 4th kilo. It was then thoroughly extracted with water, the 
solution filtered, and the insoluble residue well washed and dried. 

It weighed 450 grams, and, as in the case of the 4th kilo., the 
filtration was very easy and rapid. -The filtrate was evaporated 
down to dryness, and the fluorides converted into sulphates by 
treatment in platinum basins with 1035 grams of strong sulphuric 
acid. The resulting sulphates, after driving off the excess of sulph- 
uric acid, weighed 1093 grams. The heating was continued so as to 
produce slight partial decomposition of the ferric sulphate. The 
mass was then digested for several hours with water, and the solution 
filtered from the small, dark iron-red residue. The volume of the 
solution with the wash waters was 2°8 litres. The iron was per- 
oxidised with nitric acid, and the solution then poured into 11 litres 
of a saturated solution of ammonium sesquicarbonate in small 
portions at a time, with frequent agitation, whereby a deep blood-red 
but clear solution was obtained. The bulk of the iron was precipi- 
tated from this solution as hydrated sesquioxide by the addition of 
an equal volume of hot water. The solution was filtered while still 
warm, the filtration being easy and rapid. To remove the small 
quantity of iron still in solution, ammonium sulphide was added, and 
the solution rapidly filtered from the precipitated ferrous sulphide, 
which was washed with well-boiled water containing a little sulphide 
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of ammoninm. After this treatment, a trace of iron still remained in 
the filtrate. Lead acetate was therefore added, until the solution 
contained lead, and then ammonium sulphide in excess, after which 
the solution was rapidly filtered. The precipitated lead sulphide, on 
subsequent examination, was found to have carried down with it all 
but a very minute trace of the iron. 

The filtrate from the lead sulphide was boiled so as to decompose 
the ammonium carbonate, and the precipitated basic carbonate of 
glucinum collected, washed with hot water, dried, and ignited in a 
platinum basin.* From the latter filtrate, about 15 grams of oxide 
of glucinum was obtained by adding to it a large excess of 
ammonium sulphide, collecting, and igniting the well-washed 
precipitate. On evaporating this last filtrate down to dryness, and 
igniting to drive off the ammoniacal salts, a residue was left from 
which about 4 grams of glucina was obtained. It must always be 
borne in mind that glucinum hydrate is somewhat soluble in solu- 
tions of ammoniacal salts. The bulk of such dissolved glucina may 
be recovered by the addition of much ammonium sulphide, but in 
order to obtain the whole it is necessary to evaporate down to 


dryness and ignite. The total weight of the glucina from this kilo. 


was 109 grams. 


Summary. 


The results arrived at may be summarised as follows :—When 
coarsely-ground beryl is heated in an iron vessel with 6 parts of 
ammonium hydrogen fluoride to a temperature which should never 
exceed a dull red, it is not merely completely decomposed, but after 
10 or 12 hours’ heating, when large quantities are operated upon, a 
residue is left from which the whole of the glucinum can be extracted 
as fluoride by simply boiling with water; while, on the other hand, 
the portion of the residue insoluble in water contains, in the form of 
insoluble aluminium fluoride, almost all of the aluminium originally 
present in the beryl, along with much of the iron (as ferric oxide) 
derived from the action of ammonium hydrogen fluoride on the iron 
vessel. 

In order to separate the aluminium, the heating should be con- 
tinued (as in the working up of the 4th kilo.) until the residue 
assumes a rust-red colour and weighs about three-fourths of the 
weight of the beryl originally taken. From this residue, the whole 
of the glucinum may then be obtained in solution by simply boiling 
it with water; a considerable quantity of iron, however, also goes 
into solution. If the operation has been conducted properly, the 


* This glucina was subsequently found to contain a trace of lead. 
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residue insoluble in water should have about half the weight of the 
beryl originally taken, when it will contain all but a small trace of 
the aluminium originally present in the beryl in the form of insoluble 
aluminium fluoride, but practically no glucinum. 

If, as was the case in working up the 5th kilo., the heating is not 
pushed so far, so that the residue has only a straw-yellow colour, not 
rust-red, then the whole of the glucinum may be obtained in solution 
by boiling with water, but it will be accompanied by a larger propor- 
tion of iron, and, what is more objectionable, by a not inconsiderable 
quantity of aluminium. 

In working up the Ist kilo., the heating was not continued nearly 
long enough, and: accordingly the glucina precipitated from the 
aqueous solution was mixed with much alumina, oxide of iron, and 
silica. 

Almost the whole of the iron may be removed by saturating the 
aqueous fluoride solution with hydrogen sulphide, and then adding 
ammonia, in small portions at a time, until the filtrate from a small 
test portion no longer gives a black or greenish precipitate on adding 
ammonium sulphide. But, as the working up of the lst and 2nd 
kilos. showed, it is very difficult to obtain anything like a complete 
precipitation of the glucina directly from the filtrate. 

A large proportion of the glucina may indeed be precipitated by 

adding a large excess of ammonium sulphide, after the removal of 
the iron, but it is necessary to add an enormous excess of this reagent 
in order to produce an approximately complete precipitation ; and, 
for this reason, it is far better, before separating the iron, to 
evaporate the filtrate to dryness in the iron pot, and then treat the 
residue in a platinum basin with an excess of strong sulphuric acid. 
- In order to completely remove the fluorine and silicon, the heating 
should be continued until the ferric sulphate has begun to decompose. 
In order to effect the separation of the glucinum from the bulk of the 
iron, the mixed sulphates should be dissolved in water, the iron 
peroxidised with nitric acid, and the filtered solution poured gradu- 
ally, with constant agitation, into a large excess of a concentrated 
solution of ammonium sesquicarbonate. It is advisable, in order to 
effect a rapid and complete separation, to take care that the locally- 
formed precipitate redissolves completely after each addition of the 
sulphate solution before adding a fresh portion. With a little care, 
it is easy to obtain a clear solution, which, however, becomes turbid 
on standing. 

The bulk of the iron is precipitated on adding an equal volume of 
hot water to the ammonium carbonate solution, and the precipitate 
can be rapidly filtered and washed, its behaviour in this respect 
being very different from that of ferric hydrate precipitated by am- 
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monia from acid solutions. After removing the ferric hydrate by 
filtration, very nearly the whole of the small quantity of iron which 
still remains in solution may be precipitated by ammonium sulphide, 
but it is not possible to remove every trace of iron from the solution, 
even by repeated treatments with this reagent. In presence, how- 
ever, of a large excess of a soluble salt of lead, the precipitation of 
the lead as sulphide by ammonium sulphide effects, by mass action, 
the complete precipitation of the iron from the solution. After the 
iron has thus been removed, the solution contains traces of lead, 
and these are, in part, precipitated, along with the basic carbonate of 
glucinum, when the solution is boiled. On dissolving the basic 
carbonate of glucinum in sulphuric or hydrochloric acid, the bulk of 
this lead remains undissolved as sulphide, and the traces which pass 
into solution may be easily removed by treatment with hydrogen 
sulphide. Subsequent experiments have shown that mercuric chloride 
may, with advantage, be substituted for lead acetate in this separa- 
tion, as the traces of mercury which escape precipitation by am- 
monium sulphide are still more easily got rid of by simply igniting 
the basic carbonate of glucinum strongly—an operation which is 
necessary in any case, as the precipitated basic carbonate of glucinum 
invariably contains ammonium, not removable by washing with water, 
and is, moreover, of variable composition. 

In this manner I prepared, several years ago, a large quantity of 
glucina, which was pure white, and gave a colourless solution when 
dissolved in strong hydrochloric acid. 

The chief advantages of this method are: that it is easily worked 
on a large scale; that it is not necessary to grind the beryl to a fine 
powder ; that the whole of the glucinum is obtained in solation nearly 
free from aluminium after one easy filtration; that the tedious filtra- 
tions from large quantities of silicic acid and of aluminium hydrate 
are avoided; and that the complete decomposition of the beryl is 
effected at a relatively low temperature. 

As stated already, the glucina prepared by this method always 
contains a little alumina. It was only after a series of prolonged and 
tedious investigations that a method for the removal of the last 
traces of this impurity was arrived at. By none of the older methods 
can large quantities of equally pure glucina be obtained so easily, or 
in so short a time. 


Supplementary Critical Investigation. 


The following analyses were carried out long after the work de- 
sevibed in this paper, but they are inserted here, as they afford 
definite proof of the complete extraction of the glacina from the 
beryl. 


~ 
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The analysis of a sample of the beryl from Limoges, used in this 
investigation, was made for me by Mr. W. W. Taylor. The analysis 
of the residue insoluble in water obtained from the 4th kilo. was 
made by Mr. Theodore Rettie, B.Sc. I have much pleasure in 
thanking these gentlemen for the careful manner in which they 
carried out these very troublesome analyses. The method used in 
estimating accurately the quantity of glucinum contained in such 
substances will be described in a subsequent communication. 


Analysis of Beryl from Limoges. 


Si0,. Al,O3. Fe.03. FeO. G10. CaO. MgO. H,0.* 
66°60 21:13 019 O51 1054 trace 009 1°36 


Analysis of Residue from 4th kilo. 


GIO.  Al,0; FeO; PbO. Sn0. CaO. F.—O. 
O22t 29°02 4454 238 023 042 17-49f 


P. 205. SO3. i. 20. Total. 
201 043 O74  99°83.§ 


The residue from the 5th kilo. was also examined, and found to 
contain only 0°10 per cent. of glucina. 

In order to throw further light on the course of the reaction 
between beryl and ammonium hydrogen fluoride, the following trial 
on a small scale was made:—4°91 grams of beryl was heated in a 
platinum basin for two hours over a steam-bath with 30 grams of 
ammonium hydrogen fluoride, the mass being occasionally moistened 
with water. After this, it was boiled with water, and the insoluble 
residue allowed to settle. A small test portion of the clear, super- 
natant liquid, when evaporated to dryvess, left practically no residue, 
showing that, at the temperature of the steam-bath, beryl is not 
decomposed by ammonium hydrogen fluoride. The whole was, 
therefore, evaporated to dryness with constant stirring, and, when 
solid, removed from the steam-bath and heated very cautiously over 
the naked flame, when it rapidly became liquid and appeared to boil 


* Loss on ignition. 

t Corresponding to 0°10 per cent. of the beryl originally taken. 

t Corresponding to 26°12 per cent. Al,O3. 

A dualistic statement of analytical results has in many cases great advantages, 
but can only be consistently carried out by the aid of some such device as that 
adopted in the text where the percentage of halogen, in this case fluorine, is not 
given directly, but after deduction of the equivalent quantity of oxygen, so that 
CaF, is represented as CaO,F, — O and 2AlF; as Al,0;,3(F, — O). ‘The author 
believes that this method of stating analytical results was first adopted by the late 
Professor Dittmar. 
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up, dense white fumes being given off. In a few minutes the mass 
again became solid, and the heating was then stopped before the 
temperature of the residue had risen even lo¢ally to redness. The 
residue was boiled with water, the aqueous solution evaporated to 
dryness, the ammoniacal salts driven off by gentle ignition, and the 
now considerable residue treated with strong sulphuric acid. The 
resulting sulphates were dissolved by prolonged boiling in water 
containing hydrochloric acid, and the clear yellow solution, which 
evidently contained iron, was poured into a solution of ammonium 
carbonate in small portions at a time. Ultimately, an almost per- 
feetly clear solution was obtained, which, however, on standing for 
10 minutes, became turbid, and deposited a considerable precipitate, 
consisting principally of aluminium hydrate, which was collected, 
washed, ignited, and weighed. The glacina in the filtrate from the 
aluminium hydrate was precipitated as basic carbonate, and also 
ignited and weighed. The main residue insoluble in water, when 
dried at 100°, weighed 2°956 grams. It was mixed with 13 grams of 
ammonium hydrogen fluoride, and again heated for a few minutes as 
before. The aluminium and glucinum rendered soluble in water by 
this second treatment were determined. This time, the residue 
insoluble in water weighed 1340 grams. It was mixed with 5 grams 
of ammonium hydrogen fluoride, and the process repeated. After 
extraction with water, the residue insoluble in water was now found 
to weigh 0°754 gram. The aluminium and glucinum rendered 
soluble in water by this third treatment were determined as before, 
and the residue insoluble in water was heated with ammonium 
hydrogen fluoride for a fourth time. After extraction with water, 
0°511 gram was left undissolved, and as the quantity of crude glucina 
obtained from the aqueous extract weighed only 0°013 gram, it 
seemed probable that'the insoluble residue now consisted of alumi- 
nium fluoride only. In order to make certain of this, however, the 
insoluble residue was fused with potassium hydrogen sulphate ina 
platinum crucible. On boiling the fused mass with water and filter- 
ing, the insoluble residue dried at 100° was found to weigh 0°508 
gram, as against 0°511 before fusion. Thus the very intractable 
aluminium fluoride had resisted the action of the potassium hydrogen 
sulphate. 

The numerical results are given in the table on p. 921. 

It should be observed that the weights of glucina given in this table 
represent crude, not pure, glucina. The above-described separation of 
aluminium from glucinum by ammonium carbonate is very far from 
perfect. Had the crude glucina been subjected to a process of puri- 
fication, the weights of glucina would have been considerably dimin- 
ished, and the weights of alumina correspondingly increased. It was 


GIBSON ON GLUCINUM. 


Weight in grams. 
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Substance treated Residue - 
with ammoniu Sub- insoluble) Al,0; eT — a 
hydrogen fluoride. vs in water, from 
_ aqueous 
extract. 


stance 


taken, 


Beryl! in fine powder 
lst insoluble residue 
2nd Se 
3rd i 


not considered necessary to do this, the object of the above-described 
operations being simply to ascertain roughly the lowest temperature 
at which ammonium hydrogen fluoride effects the complete decom- 
position of beryl, and in what time, For this reason, also, no attempt 
was made to separate the small quantity of iron present. 

This trial brings out the following points which are of practical 
importance. 

1. That beryl is very rapidly and completely decomposed by the 
action of ammonium hydrogen fluoride at a temperature which is 
much below a red heat, but considerably higher than that obtainable 
by heating on a steam-bath. 

2. That at this low temperature the greater part, if not all, of the 
aluminium, as well as all the glucinum, is rendered soluble in water. 
The small quantity of insoluble fluoride of aluminium formed is 
probably to be accounted for by the difficulty of avoiding local over- 
heating when using a naked flame. 

After these points had been ascertained, a number of attempts were 
made to effect the perfect separation of aluminium and iron from 
glucinium by simply heating the mixed fluorides, but, contrary to 
expectation, these attempts, which involved much time and labour, 
were unsuccessful, and therefore it would serve no useful purpose to 
give a detailed account of them. Glucina which contained only 
small traces of alumina and still smaller traces of oxide of iron was 
repeatedly obtained, but I never succeeded in preparing pure glucina 
in this manner, although the conditions were greatly varied. One 
point was, however, ascertained which suggests an improvement in 
the method for preparing crude glucina from beryl. It was found 
that when the mixed fluorides of iron, glucinum, and ammonium are 
heated together in the presence of air, a large part of the iron fluoride 
is converted into ferric oxide; and, further, that if care be taken to 
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peroxidise the iron previous to heating the mixed fluorides, almost 
every trace of the iron may be thus rendered insoluble in water with- 
out difficulty. I have not tried this method of separating the iron on 
a large scale, and cannot therefore say definitely that it is to be pre- 
ferred to the easy separation effected by diluting the ammonium carbon- 
ate solution with hot water, as described on p. 917. In any case, 
the great difficulty lies in the removal of the last small traces of 
iron, and this separation is best effected by the mass action of mer- 
curic sulphide in the manner already described. 

One further point deserves mention. It was found that the 
presence of fluosilicate is very prejudicial to the separation of the 
mixed fluorides, as it gives rise on heating to the formation of com- 
pounds of glucinum insoluble in water. 

Deville (Ann. Chim. Phys. [3], 61), in an interesting paper, points 
out that when alumina is boiled with a solution containing aluminium 
fluosilicate, silica is precipitated, and ultimately a solution of a soluble 
fluoride of aluminium free from silicon is obtained. He supposes 
this soluble modification of aluminium fluoride to be an aluminium 
salt of a hydrofluoaluminic acid. It occurred to me that it might be 
possible to effect the perfect separation of glucinum from aluminiun,. 
by first boiling the aqueous solution of the mixed fluorides with 
alumina, so as to remove all silicon from solution, and then simply 
evaporating the solution to dryness, and ighiting the mixed fluorides. 
In the course of experiments made in this direction, Deville’s obser- 
vation was fully confirmed, and it was also found that hydrated 
oxide of iron behaves similarly to alumina, and removes almost 
every trace of silicon from the fluoride solution. After removal of 
the silicon in this manner, a much better and, indeed, almost perfect 
separation of aluminium from glucinum was repeatedly effected by 
simply igniting the mixed fluorides. This behaviour of ferric 
hydrate may not improbably contribute to the success of the method 
of working on a large scale described in the first part of this paper. 

A method for removing the last traces of aluminium from 
glucinum will be described in a subsequent communication. 
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LXIII.—Azo-Compounds of the Ortho-Series. 


Part I. 


By Rapwaet Mexpona, F.R.S., and Ernest M. Hawetns. 


Preliminary. 

Tue so-called oxyazo-compounds of the ortho-series represented by 
benzeneazo-G-naphthol, the azo-derivatives of paracresol, &c., have 
already received a large share of attention from chemists on account 
of the interest attaching to the question of their constitution. The 
historical stages in the development of this question have frequently 
been recapitulated by one of the authors and his colleagues in former 
papers, and are now too well known to need repetition. The problem 
resolves itself into determining whether these compounds are hydr- 
azones, or whether they are true azo-compounds, or whether both 
views can be entertained and the formule regarded as isodynamic 
{tautomeric). Thus, benzeneazo-8-naphthol may, as is well known, 
be written 


C,H,'N,C,H,OH(s) or C.H;NH-N:C,.H,:0( 8). 


In spite of the numerous investigations which have been published, 
the question is still far from being settled, since the results point 
sometimes to the azo-formula and at others to the hydrazone formula. 
The two most recent investigations in connection with these com- 
pounds have led to contradictory conclusions, Noelting and Grand- 
mougin deciding in favour of the azo-formula (Ber., 1891, 24, 1592), 
whilst Goldschmidt and Brubacher claim to have established the hydr- 
azone formula (ibid., 2300). If the formule are isodynamic, it would 
appear hopeless to decide the question by any chemical method, since 
whatever derivative may be examined it may be assumed that the one 
form is transformed into the other during the conversion. Thus the 
alkyl derivatives have the azo-formula (Meldola and Morgan, Trans., 
1889, 55, 603), but it may be said ¢hat during alkylation the salt 
C.Hs-N."C,.H,-OM’ is first formed by the transformation of the hydr- 
azone, and that the alkyl group accordingly is attached to the oxygen. 
On this view it is difficult to see why benzeneazo-f-naphthol is in- 
soluble in aqueous alkalis unless we assume the existence of a closed 
ring of nitrogen and oxygen atoms (Phil. Mag., Nov., 1888, 403; see 
also Meldola and Forster, Trans.,; 1891, 59, 710, note). 

The products of reduction of the acetyl and benzoyl derivatives of 
benzeneazo-8-naphthol were first investigated by one of the authors 
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and G. T. Morgan (Trans., 1889, 55, 114). The results, as far as 
they went, appeared to support the azo-formula; that is, the acid 
radicle appeared to be attached to the oxygen. It is true that one of 
our arguments in favour of this conclusion was based upon negative 
evidence, but this evidence has recently become strengthened in an 
unexpected way, and it is therefore necessary to briefly call attention 
to these former results. 

According to the view taken as to the constitution of benzeneazo- 
f-naphthol, the acetyl derivative is either 


C,H;'N.2"C,yH,-OC,H;O0 or C.H;-N(C,H;0) *N:C,,H,:0. 


A compound of the first formala, on reduction, would give aniline and 
amido-f-naphthyl acetate, which, through the intermediate formation 
of an anhydro-base, would become transformed into acetamido-- 
naphthol (Béttcher, Ber., 1883, 16, 629 and 1933). A compound of 
the hydrazone (second) formula might be expected to give acetanilide 
and amido-f-naphtho]. By reduction with stannous chloride, we failed 
to obtain acetanilide or acetamido-8-naphthol, the chief products 
being amido-8-naphthol and a naphthylphenyl derivative.* From 
the readiness with which the acetyl group was eliminated, it was con-: 
cluded that this group was not attached to the nitrogen atom. This: 
conclusion still appears to be unshaken, the stability or the grouping 
C;H;-N(C,H;O) being such as to make it improbable that cold reduc- 
tion with stannous chloride would remove the acety]. 

After the publication of the foregoing conclusion, the reduction of 
the acetyl derivative of benzeneazo-S-naphthol and of other ortho- 
oxy azo-compounds was repeated by Goldschmidt and Brubacher (Ber., 
1891, 24, 23C0) under different conditions and with results directly 
opposed to ours. These authors reduced with zinc dust and acetic: 
acid in cold alcoholic solution, and obtained acetanilide and amido-f-. 
naphthol as the chief products, from which they quite justifiably 
decided in favour of the hydrazone formula. We repeated this ex- 
periment soon after the publication of the paper in the Berichte, and 
satisfied ourselves as to the correctness of their results, in so far as the 
formation of acetanilide was concerned. We were prepared to accept 


* The constitution of this base requires reinvestigation in view of the discovery 
recently announced simultaneously by Jacobson and W. Fischer (Ber., 1892, 25,. 
992), Witt and Schmidt (idid., 1018), and Tauber (ibid., 1019). From the work 
of these authors, it appears that azo-derivatives of the para-series on mild reduction 
give rise to bases of the naphtbylphenylamine and diphenylamine group and 
not of the naphthylphenyl or diphenyl group. Whether azo-derivatives of the 
ortho-series give similar products remains to be determined, and we propose to take 
up the question at the earliest opportunity (see also papers by Jacobson and 
others, Ber., 1893, 26, 681 e¢ seq.). 
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the hydrazone formula, and attributed the discrepancy to the difference 
in the reducing agents employed (Trans., 1891, 59, 710). At the 
commencement of the present session we renewed our experiments 
with the object of throwing further light on the difference in the 
nature of the products of reduction obtained with different reducing 
agents. A preliminary experiment with the acetyl derivative of 
orthotolueneazo-8-uaphthol reduced with zinc-dust and acetic acid in 
cold alcoholic solution gave the unexpected result that acetamido-£- 
naphthol was formed among the products of reduction. A similar 
result was obtained with the acetyl derivative of paratolueneazo-A- 
naphthol. From the hydrazone formula, it is impossible to explain 
the formation of acetamido-f-naphthol without making the assump- 
tion that acetyl is transferred from one nitrogen atom to the other. 
This is conceivable through the intermediate formation of a compound 
of the nature of an anhydro-base, as will be shown in our theoretical 
discussion of the results. At any rate, the formation of acetamido-A- 
naphthol gave an entirely new aspect to the whole question and sug- 
gested an alternative explanation to that given by Goldschmidt and 
Brubacher. The experiments were accordingly extended to various 
azo-compounds of the ortho-series, and we have, in the first place, to 
submit the details of the work. 


Reduction of the Acetyl Derivative of Paratolueneazo-B-Naphthol by 
Zinc-dust and Acetic acid. 


Paratolueneazo-8-naphthol was first obtained by Zincke and Rathgen. 
(Ber., 1886, 19, 2490). We found it advantageous in preparing this, 
and, in fact, all the azo-compounds employed in the present research, 
to use the method originally given by Liebermann for preparing 
benzeneazo-8-naphthol (Ber., 1883, 16, 2859, note). The product, 
after crystallisation from alcohol, was acetylated by boiling for 
24 hours with excess of aceticanhydride. The acetyl derivative fused 
to a dark red oil under boiling water, and was thus easily washed 
free from acetic anhydride. The compound was purified by crys- 
tallisation from alcohol and a specimen prepared for analysis by fur- 
ther crystallisation from benzene. When pure, it forms deep red 
prisms melting at 99°. 


02032 gave 0°5576 CO, and 0°0997 H,O. C = 7484; H = 5:45. 
01746 ,, 13:5 c.c. moist nitrogen at 10° and 7586 mm. N = 9-23. 
C,H,N,O requires C = 75:0; H = 5°25; N = 9:21 per cent. 


The reduction was carried out as described by Goldschmidt and 
Brubacher, a cold saturated alcoholic solution being first prepared, 
then excess of zinc-dust added, and, finally, acetic acid, with constant 
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agitation till the reduction was complete. The reduction was con- 
ducted in a flask, the contents of which were kept cool during the 
process by immersion in cold water. The solution was filiered, and 
although nearly colourless at first, became orange in contact with the 
air, probably owing to the oxidation of a trace of hydrazo-compound. 
About one-half the alcohol was then distilled off, and the residue 
diluted with cold water, which caused the separation of a resinous- 
looking substance, which was collected, washed with water, and 
allowed to dry. We may at once dispose of this first product by 
stating that on further examination it turned out to be a mixture of 
some resinous product with acetoparatoluidide. That it also contained 
some hydrazo-compound was rendered probable from the circumstance 
that it became deep orange in the course of a few days’ exposure to 
the air. The quantity of this product was very small as compared 
with the other compounds formed by the reduction, and in subsequent 
experiments it was altogether disregarded. 

The filtrate from the first resinous precipitate was acidified with a 
little dilute hydrochloric acid to prevent the loss of basic compounds 
and evaporated in a dish on the water-bath till a crystalline scum 
began to appear. The dish was then allowed to cool for a day, by. 
which time a considerable quantity of a crystalline substance had 
been deposited. The liquid was poured through a filter, the crystals 
washed with cold water and then extracted with cold dilute caustic 
soda, The alkaline solution was filtered, and, on acidifying with 
hydrochloric acid, silvery scales were gradually deposited. The crys- 
talline substance thus obtained was collected, washed with water, and 
crystallised repeatedly from alcohol till the melting point was con- 
stant. We had not sufficient for analysis in this experiment, but the 
corresponding product from the reduction of the orthotolueneazo- 
compound had previously been analysed by us, and we were quite 
familiar with its appearance and properties. The solubility in cold 
alkali and the melting point of the pure compound, namely, 234—235°, 
left no doubt that we had in hand acetamido-f-naphthol.* The dry 
substance, heated in a tube, gave the peculiarly-smelling, oily an- 
hydro-base, ethenyl-a-amido-f-naphthol (Béttcher, Ber., 1883, 16, 
1939). 


* This compound furnishes another illustration of the fact, so frequently observed 
in the naphthalene series, that a trace of impurity too small to affect the results 
of analysis may nevertheless depress the melting point by many degrees. Thus 
Bottcher first assigned the melting point 225°. In our notes we had entered the 
melting point as 227°. Grandmougin and Michel then gave it as 230° (Ber., 1892, 
984), which they subsequently corrected to 235° (ibid., 3433). Many crystallisa- 
tions from alcohol are necessary to bring the melting point up to this last tem pera 


ture. 
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The portion of the crystalline deposit insoluble in cold alkali was 
crystallised two or three times from boiling water, finally with the 
addition of animal charcoal, and was thus obtained in the form of 
large, white needles melting at 147°, and having all the properties of 
acetoparatoluidide. 


0'1680 gave 13:4 c.c. moist nitrogen at 12° and 7646 mm. N = 9°51. 
C,H,NH-C,H;0 requires N = 9°39 per cent. 


The filtrate from the crystalline deposit, which consists, as we have 
shown, of a mixture of acetoparatoluidide and acetamido-f-naphthol, 
was evaporated to a small bulk and divided into two portions. One 
was tested for amido-f-naphthol by means of sodium nitrite and 
hydrochloric acid. Only a trace of a yellow substance was deposited 
on long standing, and this was too small to identify as f-naphtha- 
quinone. We do not infer from this, however, that no amido-8-naph- 
thol is formed by the reduction. It may safely be asserted, for reasons 
which will appear subsequently, that it is among the products, but, 
being present only in small quantity, is lost by oxidation during the 
evaporation. The other portion of the filtrate was treated with 
excess of caustic potash till the precipitate of zinc hydroxide at first 
formed was redissolved. The alkaline solution, which smelt strongly 
ammoniacal, was shaken up with benzene in a separating funnel, the 
benzene solution separated, washed two or three times with water, and 
then with dilute hydrochloric acid. The acid liquor was drawn off, 
evaporated to a small bulk, made alkaline with caustic potash, and 
then extracted with ether. The ethereal extract on evaporation left a 
very small quantity of an oily base which solidified on standing and 
had all the properties of paratoluidine, It was identified by Rosen- 
stiehl’s test (strong sulphuric and nitric acids). 

The reduction described in this experiment was performed with 
about 20 grams of the acetyl derivative. Acetoparatoluidide appears 
to be the chief product; acetamido-f-naphthol, ammonia, para- 
toluidine, and (probably) amido-f-naphtliol are formed in much 
smaller quantities. 

Although perhaps superfluous, we thought it advisable to satisfy 
ourselves that acetamido-f-naphthol ‘was not formed during the 
process of acetylation. A quantity of the acetyl derivative of para- 
tolueneazo-8-naphthol similar to that which was reduced in the 
previous experiment was finely powdered and extracted with cold 
caustic soda, The filtrate on acidifying gave no trace cf acetamido- 
A-naphthol. The latter compound is undoubtedly a true product of 
the reduction. 
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Reduction of the Acetyl Derivative of Paratolueneuazo-B-naphthol with 
Zinc-dust and Formie acid. 


In order to make certain that the acetic acid used in the previous 
experiment took no part in the formation of the acetamido-8-naphthol 
found, a fresh portion of the purified acetyl derivative was reduced 
as before, substituting formic for acetic acid. After reduction and 
filtration, the alcohol was nearly all distilled off, the solution diluted 
with water, and after the addition of a little dilute hydrochloric acid, 
evaporated to the crystallising point. The crop of crystals which 
separated, after standing for some hours, was dealt with as in the 
previous experiment. Cold dilute caustic acid dissolved out a sub- 
stance which was precipitated by acids, and which, after repeated 
crystallisation from alcohol, had a melting point of 234—235°, and 
was identified as acetamido-8-naphthol. The portion insoluble in 
alkali was crystallised several times from boiling water using animal 
charcoal, and, as before, proved to be acetoparatoluidide; m. p. 147.° 


0°1758 gave 14°5c.c. moist nitrogen at 13° and 753°6 mm. N = 9°66. 
C,H,NH-C,H;0 requires N = 9°39 per cent. 


The liquor drained from the crystalline deposit was divided into 
two portions, one of which was examined for amido-8-naphthol by 
the nitrite test. On standing for some time, a trace of S-naphtha- 
quinone separated from the solution. The remainder of the filtrate 
was made alkaline with excess of caustic potash, when ammonia was 
again evolved, extracted with benzene, the benzene solution extracted 
‘with dilute hydrochloric acid, and the acid liquid made alkaline with 
caustic soda. Paratoluidine was present in sufficient quantity to 
separate from the solution on standing. It was collected, purified by 
redissolving in dilute acid, filtering the solution, and reprecipitating 
by alkali. The purified product had the odour, crystalline appear- 
ance, and melting point (45°) of paratoluidine. It was further 
identified by Rosenstiehl’s test. The products of reduction in this 
case also are, therefore, acetoparatoluidide, acetamido-8-naphthol, 
amido-§-naphthol, paratoluidine, and a trace of ammonia. 

This experiment was made roughly quantitative in order to get 
some idea of the relative quantities of the acetoparatoluidide and 
acetamido-8-naphthol. The other products could not very well be 
determined. 


Acetyl derivative taken ........... 

Crude acetoparatoluidide, that is, 
portion insoluble in alkali and con- 
taining resinous impurities 

Crude acetamido-f-naphthol, that is, 
portion soluble in alkali.......... 
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Reduction of the Acetyl Derivative of Orthotolueneazo-B-naphthol with 
Zinc-dust and Acetic acid, 


The azo-compound was prepared and acetylated in the same 
manner as the paratolueneazo-8-naphthol employed in the previous 
experiments. After two or three crystallisations from alcohol, the 
acetyl derivative (about 15 grams) was reduced in cold alcoholic 
solution with zinc-dust and acetic acid in precisely the same way as 
before. The alcoholic filtrate containing the products of reduction 
was largely diluted with water, and a small quantity of a resinous 
precipitate removed by filtration.* The alcohol was then distilled 
off, and the residual liquor evaporated as before to the crystallising 
point. Owing to the greater solubility of acetorthotoluidide in water, 
the evaporation had to be carried further, and acetamido-8-naphthol 
began to separate first. The whole crystalline deposit was extracted 
with alkali in the usual manner, and the solution acidified with 
hydrochloric acid. Sufficient acetamido-8-naphthol was obtained in 
this experiment for analysis. The crude compound, after repeated 
crystallisation from alcohol, had the right melting point, 235°. 


02378 gave 0°6251 CO, and 0°1228 H,O. C = 71°69; H = 5°74, 
01519 ,, 1:23 c.c. moist nitrogen at 15°5° and 761‘°9mm. N = 7:05. 
C,H,.(OH)-NH:C,H;0 requires C = 71°64; H = 5°47; N=6°96p.c. 


The portion of the crystalline deposit insoluble in alkali was crys- 
tallised several times from hot water, with the addition of powdered 
animal charcoal. The pure compound was identified by its melting 
point as acetorthotoluidide, 107°, and this was confirmed by analysis. 


0°1960 gave 0°5194 CO, and 0:1277 H,O. C = 72:27; H = 7°24. 
01526 ,, 12:3 c.c. moist nitrogen at 9°and 7515 mm, N = 9°55. 
C;HyNH-C,H,O requires C = 72°48; H = 7°38; N = 9°39 per cent. 


The products contained in the residual liquor in this experiment 
were not further investigated, as the amido-8-naphthol appeared. to 
have been lost by oxidation during the evaporation, and the previous 
experiments with the corresponding para-compound had given all the 
necessary information as to the nature of these products. The 
simultaneous formation of acetorthotoluidide and acetamido-f-naphthol 


* This product, which is of no immediate importance, is only formed in very 
small quantity. It was not crystallisable from any solvent. A specimen was dis- 
solved in glacial acetic acid, the filtered solution diluted with water, and the 
whitish, floceulent precipitate collected, washed, and dried. On combustion, it 
was found to contain 4°45 p. c, N, a quantity not agreeing with that required by 
the hydrazo-compound or any — product which might be expected to result 
from the reduction. 
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is the point of chief importance in connection with the interpretation 
of the results. 


Part II. 
By R. Mepota and F. B. Burts. 


Further Experiments on the Reduction of the Acetyl Derivative of 
Benzeneazo-B-naphthol. 


As already statéd in the preliminary considerations, a repetition of 
Goldschmidt and Brubacher’s reduction of this compound with zinc- 
dust and acetic acid led us to the same conclusion as these authors. 
The products of the reduction were acetanilide, aniline, and amido- 
f-naphthol. But although we detected no acetamido-f-naphthol at 
the time of making the experiment, subsequent experience has shown 
that a small quantity of this compound mixed with a large quantity 
of acetanilide is very easily overlooked, and we did not consider it as 
finally established that acetamido-8-naphthol was absent. The form- 
ation of aniline rendered it probable that this compound might be 
found among the products of reduction on more careful examination. 
Further experiments were therefore undertaken with the following 
results. 

Reduction with Zine-dust and Hydrochloric acid.—Excess of zinc- 
dust was added to a cold saturated solution of the acetyl derivative 
in alcohol, and then dilute hydrochloric acid drop by drop with constant 
agitation. The reduction in this case was very tardy, and had to be 
completed by adding a few drops of strong hydrochloric acid towards 
the end of the operation. After filtration, the alcohol was distilled 
off, the liquor diluted with water, filtered to remove a resinous 
product, of which a small quantity was thrown out on dilution, and 
then evaporated on the water-bath till a crystalline scum began to 
make its appearance. After standing for a day, a considerable 
deposit of white, crystalline scales had separated. The deposit was 
collected, washed with water, and extracted in the cold with dilute 
caustic soda, in which the greater part of the crystals dissolved. On 
adding acid to the alkaline filtrate, a reddish precipitate was obtained 
which did not consist chiefly of acetamido-8-naphthol, as in the 
former reduction experiments, but contained a small quantity of 
this compound mixed with some substance which was uncrystallisable, 
and which was not farther examined. The only conclusion that 
could be drawn concerning the nature of this resinous product was 
that it consisted of or contained some compound of the nature of 
a hydrazo-compound, since it gradually became reddened by oxida- 
tion on exposure to the air. The product precipitated from the 
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alkaline solution by acid was purified by dissolving in alcohol, and 
fractionally precipitating with water. The resinous substance above: 
referred to was by this means first removed, and the filtrate on 
farther dilution gave a deposit of crude acetamido-f-naphthol. The 
latter was purified by repeated crystallisation from alcohol, and 
identified by its melting point and other properties. 

The portion of the crystalline deposit left undissolved by alkals 
was dissolved in a little glacial acetic acid, the solution diluted with 
water, and then agitated with ether. The latter solvent, on being 
separated and allowed to evaporate, gave a trace of a substance 
which crystallised from boiling water in the characteristic scales of 
acetanilide, with which it was identified by its melting point (114°). 

The filtrate from the crystalline deposit was found to contain large 
quantities of amido-8-naphthol and aniline. 

The results obtained in this experiment appear to be of consider- 
able importance, since acetamido-8-naphthol is undoubtedly produced, 
although only in small quantities. Still less acetanilide appears to 
be formed by this method of reduction. Although about 20 grams 
of the acetyl derivative were used in the experiment, we did not 
obtain sufficient of either of these compounds for analysis. The chief 
products are amido-f-naphthol and aniline, from which it appears that: 
the acetyl group is very readily removed by the reducing agents 
employed. 

Reduction with Zinc-dust and Acetic acid.—This was in every respect 
a repetition of the previous experiment, acetic acid being substituted 
for hydrochloric acid. About 25 grams of the acetyl derivative were 
reduced, and the crystalline product left after evaporation was ex- 
tracted in the usual way with dilute caustic soda. A small quantity 
of acetamido-f-naphthol was found in the alkaline filtrate by the 
usual method, and was identified by its melting point, &c., after 
several crystallisations from alcohol. The other products were not 
examined, as we had already satisfied ourselves that these were, as 
stated by Goldschmidt and Brubacher, acetanilide, amido-8-naphthol, 
and aniline. The formation of acetamido-f-naphthol has, however, 
been overlooked by these investigators, as it was also by us in our 
earlier experiments. It required considerable experience and fami- 
liarity with the properties of this compound before we were enabled 
to isolate and identify it when in admixture with a large quantity of 
acetanilide and other products. As it is formed only in small quantity 
by the method of reduction adopted by Goldschmidt and Brubacher, 
it is not at all surprising that it should have escaped detection by 
these authors.* 


* According to their method of separation, in which the acetanilide is extracted 
by ether, the acetamido-8-naphthol would be found in the residual aqueous liquor. 
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Reduction by Stannous Chloride in the Cold.—This was a repetition 
-of former work (Meldola and Morgan, Trans., 1889, 122) undertake n 
with the special object of ascertaining whether acetanilide and acet- 
amido-f-naphthol could be detected among the products of reduction 
with all the experience gained by the preceding experiments. In 
order to make the conditions as favourable as possible for the reten- 
tion of the acetyl group, the reduction was effected in the cold and 
an excess of hydrochloric acid was avoided. The following method 
‘was found to work most successfully :— 

The acetyl derivative of benzeneazo-8-naphthol, purified by crystal- 
lisation from alcohol, was placed in a flask and just covered with a 
saturated solution of stannous chloride prepared by dissolving the 
‘crystalline salt in water and allowing it to remain for many days in 
-contact with an excess of tin. An equal bulk of alcohol was added, 
and the flask, fitted with a cork, was allowed to stand in cold water 
for several days, the contents being agitated from time to time. 
More stannous chloride and alcohol were added occasionally till the 
crystalline acetyl derivative had all passed into solution, and an 
almost colourless liquor had been obtained. The alcohol was then 
distilled off, the residual liquor largely diluted with water and 
allowed to stand. After some hours, a copious white precipitate had 
separated. This was collected, washed into a separating funnel, and 
well agitated with ether. The ethereal extract, on evaporation, left 
only a very small trace of a crystalline substance decomposing with 
blackening at about 160°, and therefore not consisting of acetanilide. 
‘The filtrate from the white precipitate was similarly extracted with 
ether, but no acetanilide was found in the extract. This filtrate, on 
further examination, was found to contain small quantities of aniline 
and amido-8-naphthol. The white precipitate was dissolved in hot 
water, filtered, and the resinous residue specially examined for acet- 
amido-8-naphthol, but none could be found. The white precipitate 
consisted almost entirely of the supposed naphthylphenyl base re- 
ferred to in the paper alluded to above. . It forms the chief product 
in this method of reduction, and in the light of recent researches 
may have the constitution expressed by any one of the six formulx* 


NHyC.HyC,H;<22) | -wH,-0,8,-0,H,.< QE) ; 
NH, (a) NH-C,H;0(2) 
I, II. 


NH(C,H,0)-C,Hy wHe<NH ey? C.Hs NHC, nite) , 
‘ IV. ) 


III V 


nt OH 
CH NH-Ow Hs <0 H,0(2) ’ C.HyN(C:H.0) CwHe<y) . 
Vv. VI. 


* I and IV on the assumption that acetyl is eliminated. 
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The further investigation of this base will be made the subject of 
a separate study which has already been commenced, since the clear- 
ing up of its constitution may throw light on the position of the 
acetyl group, and thus on the constitution of the acetyl derivative of 
benzeneazo-8-naphthol. The results herein recorded are, so far, com- 
pletely confirmatory of the conclusions arrived at in 1889. With 
stannous chloride under the most favourable conditions, no acetanilide 
or acetamido-8-naphthol is produced. In so far as reduction is com- 
plete—and this occurs only to a very small extent—the products are 
amido-8-naphthol and aniline; the chief product is the naphthyl- 
phenyl or naphthylphenylamine base. The latter can be easily pre- 
pared in large quantities by the method described. 


Reduction of the Acetyl Derivative of Parachlorobenzeneazo-B-naphthol 
by Zinc-dust and Acetic acid. 


The original azo-compound was described by one of us and F. W. 
Streatfeild in a former paper (Trans., 1888, 53, 676). For the 
present purpose, it was prepared in the usual way from para- 
chloraniline hydrochloride, @-naphthol (emulsified), and sodium 
nitrite. After purification, the product was acetylated by boiling for 
24 hours with acetic anhydride. The acetyl derivative is readily 
soluble in alcohol, whereas the original compound is but slightly 
soluble in this solvent. The pure compound forms magnificent, flat 
needles crystallising in large bundles, and having a deep red colour. 
The melting point is 133°. 


0:1415 gave 10°8 c.c. moist nitrogen at 13°3° and 741°8 mm. N= 8°77. 
01990 ,, 00878 AgCl. Cl= 10°94. 
C,,H,;N,0,Cl requires N = 8°62; Cl = 10°93 per cent. 


In this experiment our object was to ascertain whether an acid 
substituent, such as chlorine, increased or diminished the quantity of 
acetamido-8-naphthol formed on reduction. The method of reduction 
was the same as that followed in the previous experiments and need 
not be redescribed. The crop of crystals obtained on evaporation 
was treated with dilute caustic soda and filtered. From the alkaline 
filtrate, only a very small quantity of precipitate was obtained on 
acidifying, and after several crystallisations from alcohol, a trace of 
acetamido-8-naphthol was obtained, just sufficient for identification 
by its melting point. The crystalline residue insoluble in alkali was 
crystallised once or twice from dilute acetic acid and finally from 
dilute aleohol. It consisted of long, white needles melting at 176°, 
and proved to be acetoparachloranilide.* 


* The melting point of this compound is given by Beilstein and Kurbatow as 172°5° 
{Annalen, 182, 98). Goldschmidt and Pollak give 171° (Ber., 1892, 1328). 
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0°3545 gave 0°2988 gram AgCl. Cl = 20°87. 
01306 ,, 9°45c.c. moist nitrogen at 16°5° and 764mm. N = 8°45, 
C,H,Cl-NH-C,H;0 requires Cl = 20°94; N = 8°26 per cent, 


The filtrate from the crystalline deposit was divided into two 
portions, one of which was found, by the nitrite test, to contain amido- 
f-naphthol, and the other, on being made alkaline by caustic soda, 
yielded a base which was readily extracted by ether, and which by 
its melting point (70°) and other properties was identified as: para- 
chloraniline. 

It appeared from this experiment that the presence of an acid 
substituent in the benzene nucleus tends rather to diminish the 
quantity of acetamido-8-naphthol formed. Our next efforts were 
therefore directed towards an azo-compound containing a greater 
number of positive radicles in the benzene nucleus. 


Reduction of the Acetyl Derivative of Pseudocwmeneazo-B-naphthol 
by Zinc-dust and Acetic acid. 


The azo-compound, which does not appear to have been described, 
was prepared in the usual way, and purified by successive crystallisa- 
tions from glacial acetic acid and benzene. The compound is but 
very slightly soluble in boiling alcohol, and from this solvent it 
separates slowly in the form of dense prismatic needles having a 
bronzy-green metallic lustre. From benzene and glacial acetic acid, 
in which it is much more freely soluble, it separates in fine needles. 
of a brilliant scarlet colour. It dissolves in strong sulphuric acid 
with a magenta-red colour which remains unchanged on dilution. 

The pure compound melts at 163—164°, 


0°1040 gave 0°3003 CO, and 0°0578 H,O. C= 7875; H= 617. 
01693 ,, 13°8c.c. moist nitrogen at 14°and 770°6 mm. N =9°72. 
C,H,,N.C,oH,OH requires C = 78°62; H = 6:20; N = 9°65 per cent. 


The acetylation of this compound presented difficulties, as after 
24 hours boiling with acetic anhydride, the product was found to be 
a mixture of the acetyl derivative with unaltered substance. We 
have not been able to isolate the acetyl derivative in a state of purity,* 
but the experiments have not been extended very far in this direc- 
tion, because, for our present work, the crude mixture answered all 
requirements. The product of acetylation was washed with water, 
dissolved in alcohol, and the solution filtered to remove the unaltered 


* The acetylation would probably have been more complete if we had added 
anbydrous sodium acetate, as in the original method employed by one of us and 
F. J. East, Trans., 1888, 53, 466. 


AZO-COMPOUNDS OF THE ORTHO-SERIES, 935 


azo-compound as far as possible. The crystals deposited from the 
alcoholic filtrate were dried, dissolved in benzene, and the solution 
allowed to deposit four successive crops of crystals, The melting 
points were :— 

I, 150—151°; II, 114—116°; IIJ, 77—85°; IV, 75—77°. 


The first crop was rejected, and the others mixed together and 
used for reduction. 5 grams were dissolved in alcohol, and reduction 
effected with zinc-dust and acetic acid in the usual way. After the 
excess of alcohol had been distilled off, the contents of the flask were 
transferred, without loss, to a porcelain dish, diluted with water and 
a little hydrochloric acid, and allowed to stand. A crystalline pulp 
was thus obtained, which was collected, washed with water, and 
extracted with cold dilute caustic soda, as in the previous experi- 
ments. The alkaline filtrate contained a considerable quantity of 
acetamido-8-naphthol, which was thrown out by acid, collected, 
washed, and dried. The portion insoluble in alkali consisted of 
acetocumidide mixed with resinous impurities. The actual quantities 


obtained were 


Acetyl derivative (crude) taken..... eee 
Portion insoluble in alkali, and consisting 
of crude acetocumidide..... eo cccee eve 
Portion soluble in alkali, and consisting 
of crude acetamido-f-naphthol - O46 ,, 


The acetamido-8-naphthol was purified by repeated crystallisation 
from alcohol, and identified by its melting point. The acetocumidide 
was purified by crystallisation from boiling water, dilute acetic acid, 
and dilute alcohol successively, and obtained finally in the form of 


long, white needles melting at 163°, 


01228 gave 0°3339 CO, and 0°0946 H,O. C = 7419; H = 855. 
01034 ,, 71 c.c. moist nitrogen at 13° and 759°7 mm. N = 8:09. 
C,H,NH-C,H;0 requires C = 7457; H = 8:47; N = 7°91 per cent. 


The acid filtrate from the total crystalline deposit was found to 
contain amido-§-naphthol and a considerable quantity of pseudo- 
cumidine (m. p. 63°) when treated as in the previous experiments. 

The results now described show that the yield of acetamido-f- 
naphthol obtained on reduction is much increased when the diazotised 
base combined with the 8-naphthol contains several methyl groups. 
Thus the acetyl derivative of tolueneazo-#-naphthol yields more than 
the acetyl derivative of benzeneazo-8-naphthol, and the acetyl 
derivative of pseudocumeneazo-8-naphthol more than the corre- 
sponding tolueneazo-compound. There can be no doubt that this 
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compound is one of the normal products of reduction of acetylated 
azo-8-naphthol,* and no theory of the constitution of these compounds 
can be regarded as satisfactory which leaves the formation of acet- 
amido-f-naphthol unaccounted for. 


Bearing of the Results on the Theory of the Constitution of the 
Orthoazo-compounds. 


If the formation of acetanilide, acetotoluidide, acetocumidide, &c., 
is regarded as evidence in favour of the hydrazone formula, the 
formation of acetamido-8-naphthol must be considered as evidence 
against this formula and in favour of the “azo-” constitution. 
Unless the acetyl derivatives of the azo-naphthols are mixtures (or 
molecular compounds) of both forms, for which there is no evidence, 
the results now obtained are apparently contradictory and irrecon- 
cilable with either azo- or hydrazone formula. The discrepancy dis. 
appears, however, if we assume that an unstable intermediate 
compound of the nature of an anhydro-base is formed during the 
reduction. The first product of the reduction of an azo-compound is 
probably in all cases a hydrazo-compound (Meldola and Forster, 
Trans., 1891, 59, 711). By the elimination of hydrogen with the 
oxygen of the acetyl group in the form of water, such a condensation 


product would be formed. But this leaves the question of the 
original position of the acetyl group still unsolved, as it will be seen 
from the following formule'that the same anhydro-compound would 
result, whether the acetyl were attached originally to the oxygen or 
the nitrogen atom :— 


N-N-X 
= CwHeC \\| + H,0. 
O-C-CH, 


Azo-formula (dihydro-derivative). Anhydro-compound. 


As NNX 

C,H< HH | CwHK \ | + H,0. 

01HO CCH, 0-C-CH, 

Hydrazone formula (dihydro- Anhydro-compound. 
derivative). 


We have no direct evidence of the formation of this intermediate 
compound ; it may occur among the resinous bye-products of reduc- 
tion, but, as stated in this paper, no definite crystallisable compound 


* According to the quantitative experiments, the acetyl derivative of paré 
tolueneazo-f-naphthol gives about 1°6 per cent., and the corresponding pseudocum- 
eneazo-compound about 9°2 per cent. of acetamido-8-naphthol on reduction. 
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could be isolated from these bye-products. The “anhydro-” com- 
pound may, however, be incapable of existence in the free state, 
being but an unstable intermediate phase of the reduction.* Such 
an intermediate stage is undoubtedly passed through during the 
reduction of the acetyl derivatives of orthonitrophenols, the acetyl 
group being by this means transferred from the oxygen to the 
nitrogen atom (Béttcher, Ber., 1883, 16, 629 and 1933). The as- 
sumption of an intermediate compound is therefore warranted not 
only by analogy with the orthonitrophenols, but such an assumption 
alone enables us to explain the formation of acetanilide as well as acet-. 
amido-B-naphthol and the other products of reduction. This is shown 
by the following schematic formule :— 


+ H, + H,0 = Olas 


‘CO°CHs | ¥.NH,. 


+H, + H,O = Onley + X-NH-CO-CH.. 


Both modes of decomposition appear to take place simultaneously, 
separation, accompanied by reduction and hydrolysis, occurring as. 
indicated by the dotted lines. The amount of each kind of decompo- 
sition is determined by the nature of the radicle X. 

The results now made known appear to us to destroy the value of 
the evidence in favour of the hydrazone formula based by Gold- 
schmidt and Brubacher on the formation of acetanilide from the- 
acetyl derivatives of the orthoazo-compounds on reduction. At the 
same time, our results do not disprove this formula; they leave the- 
question in precisely the same state as before. Much more work will 
be necessary before the problem can be solved. Experiments with 
other orthoazo-compounds and with alkoyl radicles other than acetyl 
are in progress, and the results will be communicated in due course. 
We may point out that the solution of this problem is not without 
interest in connection with the general question of the constitution of" 
organic colouring matters, since the acetyl derivatives of the ortho-. 
azo-compounds are all highly-coloured substances. 

We desire, in concluding, to acknowledge the assistance which 
we received towards the end of the investigation from Mr. F. 
Southerden. 


Finsbury Technical College. 


* Goldschmidt and Brubacher have also suggested the possibility of such an 
intermediate product being formed, but they reject it as “héchst unwahrschein-- 
lich” ( Ber., 1891, 2308). 


LXIV.—Studies on the formation of Ozone from Oxygen. Part II. 


By W. A. Suenstone, Lecturer on Chemistry in Clifton College, and 
Martin Prtest. 


Ir has been shown in a previous paper by one of us, in conjunction 
with Mr. J. Tudor Cundall (Trans., 1887, 51, 610), that highly 
purified and dried oxygen is very readily converted into ozone by the 
silent discharge of electricity, in other words, that the chemical 
-change which occurs when oxygen is converted into ozone is not one 
which depends on the presence of some influencing substance. 
Shortly after this paper was published, Mr. Cundall accepted an 
appointment ata distance from Bristol, and the experiments were 
then continued by Mr. Shenstone until about 18 months ago, when a 
grant was made by the Council of the Royal Society from the 
Government Fund which has enabled Mr. Priest to assist in the 
work, and to give the greater part of his time to it until very 


recently, 
When the above mentioned experiments on the conversion of pure 


oxygen into ozone were completed, it was thought desirable in the 


next place to study the influence of temperature and pressure on the 
change. We were aware that L. von Babo (Annalen, 1863, Suppl. II), 
and also Hautefeuille and Chappuis (Compt. rend., 1880, 91, 228) 
had already investigated this part of the subject, and that the work 
of the latter investigators especially had made it clear that the 
greatest proportions of ozone are produced when oxygen is submitted 
to the silent discharge at low temperature and under high pressure. 
But on closely examining their results, it seemed to us that whilst 
they had accomplished much, their work still left something to be 
desired, especially as we gathered that in their experiments the 
‘differences of potential employed were not regulated and were 
unknown, although there was already reason to suppose that the 
proportion of ozone produced from oxygen by the electric discharge 
partly depends on this. 

When we got to work, it was very soon found that it would be im- 
possible to make any advance on what had been done already until 
our knowledge of the influence of various other conditions should be 
greatly extended, and accordingly, for the time, we abandoned our 
original undertaking and set about the more modest, but not as it 
turned out very easy, task of learning how to get constant results 
‘when working with a given ozone generator and with the oxygen at 


-@ given pressure and a given temperature. 
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{n these experiments, the following points have been examined. 


I. The effect of employing higher and lower differences of 
potential at the electrodes of the ozone generators. 
Il. The effect of varying the rapidity with which the discharges 
in the ozone generator follow each other. 
Ill. The influence of the structural peculiarities of the ozone 
generators employed. 


So far as we are aware, the second and third of the above conditions 
have not previously been carefully studied, though it is pretty gener- 
ally understood now, that ozone generators of the Brodie pattern 
ought to be made of thin glass, and that the distance between the 
two tubes should not be very great. 

On the other hand, the influence of higher and lower differences of 
potential on the production of ozone has been repeatedly examined. 

Berthelot, in 1877 (Ann. Chim. Phys. [5], 12, 446), found that when 
oxygen is exposed to the action of electricity in a sort of Leyden jar, 
a greater proportion of ozone is formed at high than at low potentials. 
Berthelot’s experiments do not seem to have been very exact, and . 
apparently he made no attempt to ascertain whether prolonging the 
action of the electricity at lower differences of potential would in 
any way modify the results obtained. 

Giannetti and Volta (Gazzetta, 5, 439), 1875, examined the action 
of the discharge of electricity on a current of oxygen. They found 
that more ozone was formed when the difference of potential 
employed was great than when it was small. They did not, how- 
ever, ascertain the final effect of the discharge in either case, that is 
to say, they did not measure the proportion of ozone after the gas 
was fully ozonised, but at an earlier stage. 

Bichat and Guntz (Compt. rend., 10'7, 334; Ann. Chim. Phys. [6], 
19, 131) very carefully made experiments in which they submitted a 
rather rapid but regular current of oxygen to the electric discharge. 
They found that the amount of ozone produced by one discharge is 
much greater when the difference of potential employed is great than 
when it is small. 

Although all these investigations are very interesting, they do not 
give us the information that was wanted, namely, whether the 
maximum yield of ozone that can be obtained from oxygen by means 
of the silent discharge at any given temperature and pressure is 
affected by the employment of higher and lower differences of poten- 
tial, and if so, in what manner the yield of ozone is related to the 
differences of potential. 

It does not follow because a single discharge at a high difference 
of potential P gives twice as much ozone as a single discharge at a 
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lower difference of potential P’ that the percentage of ozone ultj- 
mately produced by fully ozonising the gas by means of discharges 
at P will be twice as great as the percentage of ozone formed by 
fully ozonising the gas at the lower difference of potential P’. 
Therefore, although so much interesting and careful work had 
been done, it was necessary to re-investigate the subject from this 


other point of view. 


Apparatus and Method of working. 


The source of electricity employed has been either a large Wims. 
hurst machine or a large induction coil, but at a very early stage it 
was found necessary to replace the automatic spring interrupter of 
the latter by one of different construction, because the frequency of 
the interruptions with the spring interrupter was not only unknown 
but was apt to vary frequently and erratically. Further, we found 
in this case that the current which flowed through the primary circuit 
of the coil was subject to considerable variations within short intervals 
of time. This, of course, affected the induced current to a corre- 
sponding extent, and although the latter source of trouble could have 
been overcome by well known means, it was better to be free from it. 

Our contact maker is shown in Fig.1. It consists of a bridge AAA. 


Fie. 1. 
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This carries platinum cones B, B’, which dip in cups of mercury D, D’. 
The bridge is raised and lowered by rotating C, and its movements 
are regulated by a rod HH, which is attached to AA, and moves in 
collars at top and bottom. 
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The mercury in the cup D is at such a level that the tip of B 
remains submerged in all positions of the bridge. But the level 
of the mercury is lower in D’, so that B’ is lifted clear of it at each 
rotation of C; D’ is filled above the mercury with absolute alcohol. 
The two cups are insulated by the ebonite block F. They are in 
metallic connection with the binding screws E, E, which again are 
connected to the terminals from which the spring interrupter of the 
coil has been removed. This contact maker is run by a clock con- 
structed for the purpose; with it we are able to interrupt the 
primary current at any desired rate of frequency between 1 and 
1200 times a minute. The clock does not keep very good time, but 
it has answered our purpose up to the present. The currents that 
flow in the primary circuit are found not to be subject to erratic 
variations when this contact maker is used. It is very important 
that B and D be kept quite free from grease. 

In order to avoid delay from the unexpected running down of the 
battery in our experiments, which must often be prolonged, we use 
one which gives a considerably greater current than we require, 
aud introduce into-the primary circuit of the coil an adjustable 
resistance L, and a galvanometer M (Fig. 4, p. 946). The galvano- 
meter warns us of any falling off of the current, and the resistance 
enables us to re-adjust it. 


For regulating and measuring the differences of potential em- 


Fic. 2. 


ployed, we use the micrometer discharger shown in Fig. 2. This 
instrument has two discharging plates A, A’ made of unlacquered 
3832 
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brass. The face of A is a plane, and that of A’ is slightly convex, 
the radius of curvature being 24 inches. A is fixed and insulated by 
the ebonite column B; and A’ is mounted on an accurate screw D, 
which has 40 threads to the inch. The screw head E is graduated, 
and there is an accurate scale F by which complete revolutions of the 
screw can be counted. It is possible, assuming the screw to be true, 
to easily detect differences of about 1/200 mm. in the distances between 
the two plates A, A’. The upright G gives support to A’, which is 
insulated by ebonite at C. A strong spring H serves to connect 
A' with the binding screw J, and also to prevent any error arising 
in case the fitting of the screw should allow it any play. The zero 
point of the discharger was found by the method described by 
De la Rue and Miiller (Phil. Trans., 1878). 

The differences of potential corresponding to various striking 
distances for this discharger were very kindly determined by means 
of an absolute electrometer by Mr. D. Rintoul, of Clifton College. 
This has enabled us to state the differences of potential employed 
in C.G.S. units (electrostatic), as well as by reference to striking 
distances. 

The apparatus for preparing the oxygen and submitting it to the 
influence of the discharge of electricity is shown in Fig. 3. 

It has been found to be no longer necessary to use the apparatus 
which was formerly employed for storing oxygen (Trans., 1887, 51, 
610) for these experiments, because by taking advantage of the power 
possessed by silver of decomposing ozone, we are now able to make 
a complete series of experiments with one specimen of oxygen. This 
has saved much time and many accidents. 

Our present apparatus consists of an ozone generator A, made of 
very thin glass, and connected by a very fine tube ddd to a mano- 
meter C, and by a mercury joint to a hard glass tube S, in which 
oxygen is generated from a mixture of the pure chlorates of sodium 
and potassium in molecular proportions, as previously recommended. 
The glass of which the ozone generators are made has been specially 
drawn for us by Messrs. Powell and Co., to whom we owe many 
thanks for repeated assistance. Before it is set up, each ozone 
generator is thoroughly soaked with strong sulphuric acid saturated 
with chromic anhydride, and after it has been washed with distilled 
water, is rinsed many times with water prepared for the purpose by 
condensing filtered steam in a platinum condenser, and receiving the 
condensate in a silver or platinum vessel; finally, to preserve the 
surface of the glass as much as possible, it is thoroughly drained 
(latterly on a centrifugal machine), and dried by a current of dry, 
filtered air at a temperature of about 40° to 45°. The tube d from 
the ozone generator to e’ is about 4 mm. in external diameter, and of 
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Fie. 3. 


very fine bore ;* at e’ the tube d is rather larger, and contains a rod 
of silver wire drawn from “thousand silver” which is about 55 mm. 


* For example: the total volume of one of these tubes from the shoulder of the 
ozone generator to e, a length of 15 or 16 cm., was considerably less than 0°02 c.c. 
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in length and fits pretty closely into the tube; from ethe finer tube is 
continued to the top of the manometer; the manometer is made of 
thick Sprengel fall tube with a bore of 2—2°5 mm. ; its two arms are 
made as nearly as possible of equal bore. The employment of such 
narrow tubes for the manometer may seem to be a disadvantage, but 
it enables us to greatly restrict the volume of the unozonised gas, and 
this is important. 

The liquid used in the manometer is mercury ;* this is always pre- 
pared by fractionally distilling it in a vacuum after purifying it in the 
wet way; it is supplied from a reservoir L, which can be raised and 
lowered by the screw M. On its way to the manometer, it passes 
through the compound air trap N, which offers the advantage that 
not only can air be expelled from either arm of the trap when the 
apparatus is charged with oxygen, but if necessary, the india-rubber 
tube can be removed without any air gaining admittance to the 
apparatus. 

The level of the mercury in the manometer is read by means of 
the indicator f, which is provided with a vernier and moves over the 
scale J, 

To protect the gas in the top of the manometer from the warmth of 
the body when observations are being taken, the narrow tube from / 
to e is enveloped with a layer of wool which encloses a thermometer 
at K. And when artificial light is required by the observer, a sheet 
of thick plate glass is placed in front of the manometer to screen it 
from the heat. 

A small Bunsen burner is fixed at R. Its use will be explained 
subsequently. 

Before the apparatus is put together on the stand, the capacity 
of the ozone generator, together with the capillary tube d to e, is 
determined, and also the capacity of d, from e’ to a reference line 
at the top of the manometer. An error is introduced by the 
joint afterwards made at e’, but this is exceedingly small; more- 
over, it affects every measurement made to the same extent, and so it 
may be neglected in comparing the results of similar experiments. 

The silver rod at e’ serves two purposes; it prevents any ozone 
from reaching the mercury in the manometer when the apparatus is 
out of use, provided the mercury be kept at rest, and that no sudden 
rise in the temperature of the ozone generator occurs. And it is use- 
ful when it is necessary to reconvert the ozone in the apparatus into 
oxygen, in which case the destruction of the ozone is easily effected 


* As far as we are aware, in all previous experiments of this kind, sulphuric acid 
has been used in the pressure gauges. This is open to one or two objections; for 
instance, sulphuric acid is not without action on ozone. 


s & 
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by heating the silver moderately and repeatedly raising and lowering 
the mercury in the manometer.* 

The apparatus is filled with oxygen by sealing it before the blow- 
pipe to a Sprengel pump, exhausting it to about 0-02 mm. after 
previously filling the reservoir and india-rubber tube with mercury 
to 0, clamping the latter securely at V, and sealing the gauge at X. 
When the apparatus is exhausted, if it does not leak, the mercury is 
allowed to fill the air-trap. Oxygen is then slowly generated at S 
and dried by passing over powdered potassium hydroxide in T. 

When the apparatus is full of oxygen, A is surrounded with dilute 
acid, y is filled with the same, and the oxygen in A is then submitted 
to the electric discharge for some time. We consider that this treat- 
ment is calculated to dislodge any nitrogen or moisture that may adhere 
tothe inner surfaces of the ozone generator. During the sparking of 
A, the Bunsen burner R must be kept alight so as to heat the capil- 
lary tube to about the charring point of paper, in order to prevent 
ozone from reaching the mercury; for if this happens, even in the 
slightest degree, it will greatly impair the delicacy of the manometer, 
if not permanently, at any rate for a long while. 

Finally, the apparatus is again exhausted to a pressure of less than 
a millimeter and refilled with oxygen. It is not practicable to obtain 
avery high exhaustion at this stage, as it is safest to maintain the 
chlorates in the molten state during the whole operation, in which 
condition they evolve traces of oxygen continuously. When the 
apparatus is filled, and the level of the mercury in the manometer 
has been adjusted, the tube d is fused at Z, and the tubes S and T 
are removed. 

The whole arrangement is then made a part of the system of appa- 
ratus, Fig. 4, p. 946, designed for the purpose of submitting the con- 
tents of the ozone generator to the action of the silent discharge under 
known conditions. 

In that plan, B is the Wimshurst machine. Its dischargers are 
drawn back and connected by wires W*, W? to the uprights G, G of 
a key, which is represented in the plan by the circles H, H, H', H’, 
E, E, and G, G, and is also shown subsequently in Fig. 5, p. 946. 

C represents the battery for supplying the primary current of the 
coil D through W*, W*. L is the adjustable resistance, M the galvano- 

* It is usually stated that ozone has but little power of oxidising silver. 
We find that as regards pure silver this is hardly true. The silver rod is always 
decidedly oxidised at the end exposed to the ozone after a few hours’ exposure. 
Thus, on one occasion, we found that a silver rod, which only weighed 0°17 gram, 
absorbed 0°07 c.c. of oxygen in one night, from which it would seem that this action 
may at some time be useful as a method of preparing pure silver oxide, which is 


hot easily made in the wet way owing to the ready absorption of carbon dioxide by 
moist silver oxide. 
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meter on a shunt, and K the clockwork interrupter; from I and I, 
whence the dischargers of the coil have been removed, the induced 
current is conveyed to G, G by the wires W, W. The. Wimshurst and 
the coil are not both put into connection with G, G at the same time, 


The key serves to determine the flow of electricity either to the micro. 
meter discharger J only by W*, W‘, or to the ozone generator A by W* 
W‘, and to the micrometer discharger J simultaneously. In the latter 
alternative, the difference of potential of the conducting liquids inside 
and outside the ozone generator, which we will call its electrodes, 
cannot exceed that which is required to carry a spark between the 
plates of the discharger, and for the purpose of our work may be 
supposed to be equal to that difference of potential. Hence the dis- 
charger both regulates the potential difference of the inducing charge 
of the ozoniser and enables us to measure it. 

The exact structure of the key alluded to above will be gathered 
from Fig. 5. 


The eight supports marked A are of ebonite, the balls H, H, E,'Eand 
H’, H' are of brass ; the wires from H’, H’ lead to the micrometer dis- 
charger, those from H,H to the ozone generator. The supports of 
E, E move about an axis C. The spring D serves to secure clos? 
contact of E, E with H, H or H', H’, as the case may be. The wires 
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from the Wimshurst machine or the coil are, as already stated, con- 
nected to G, G, which again are connected by the flexible wires to E, E, 
and these to H’, H’. By this arrangement the movements of E, E, 
when the ozone generator is put in and out of action, are prevented 
from disturbing the complicated system of conductors of which they 
form part. 

This key was originally designed by us with a different object, but 
nothing could have been better suited to our purpose. 

It will now be seen that when all the preparations for an experiment 
are completed, it can be started by turning the handle L so as to 
bring E, E into contact with H, H. 

When the whole of the apparatus is complete and in position, 
and the volume of oxygen in the ozone generator at 0° and 760 mm. 
has been found, each experiment is conducted as follows. 

The cylinder in which A is suspended is surrounded with a great 
thickness of dry Gamgee tissue, and filled with ice crushed to a coarse 
powder ; water containing 0°2 per cent. of sulphuric acid is then added 
to the level H, and a similar solution of acid thoroughly cooled is put 
into y, the top of H is covered in with Gamgee tissue, the wires W°, W*, 
Fig. 4, are introduced into the acid contents of H and y, the burner R 
is lighted, and the mercury in the manometer is brought to the refer- 
ence mark ; the plates of the micrometer discharger are then set at 
the desired distance, the machine or coil is put in action, and if all is 
right, connected by means of the key with the ozone generator. 
When the contraction of the oxygen is complete, its new volume is 
determined, and from this the percentage of ozone formed is calcu- 
lated, proper corrections being made for the unozonised gas between 
the silver and the mercury of the manometer, and for the effect of 
heating the capillary tube at e’. 

At first we trusted to eye observations in order to know when an 
experiment was complete, but very soon we abandoned this custom, 
and continued the action of the discharge on the gas until measure- 
ments made at considerable intervals showed that its volume had 
become constant. 

During the experiments, the temperatures of A and y are con- 
stantly observed, and, if necessary, fresh ice and acid are introduced, 
the liquid contents being gradually removed by a permanent siphon, 
which is not shown. 

The thermometer by which the temperature of A is observed is 
graduated in tenths of degrees, and that in y is nearly as delicate. 
From time to time a few bubbles of air are admitted through W to 
agitate the contents of the cooler. In this way we can usually pre- 
vent the temperature of A from varying more than about one-tenth 
of a degree during an experiment. The initial temperature was 
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usually near to —0°2°; when it rose distinctly above —0:1° we 


recooled. 
There are the following obvious sources of error. 


I. That the gas in dd to the point e’ is never fully ozonised. The 
error from this cause must be very small in consequence of 
the fineness of the tubes. 

II. That a continuous destruction of ozone must occur at e', where 
dd is heated. We have satisfied ourselves by experiments 
that the error introduced in this way is also exceedingly 
small. 


- Moreover, besides being very small, these errors are almost constant, 
and though collectively they probably lead us to slightly understate 
the yield of ozone from each experiment, yet as the deficiency affects 
all the members of each series nearly equally, the conclusions drawn 
from comparing the results are practically unaffected by them. 

It may seem that another possible source of error arises from 
the fact that though our experiments are made at constant tempera- 
ture, they are not made at constant pressure. 

On this point we may say that our results go to show that the 
conclusions of Hautefeuille and Chappuis (Joc. cit.), on the influence 
of pressure on the production of ozone are, in their main features, 
correci ; from them it appears that small variations of pressure at or 
near the ordinary atmospheric pressure have very little effect, and 
therefore this source of error may also be neglected. 

In order to assure ourselves that no appreciable loss of oxygen 
occurs in our process, we reconverted the contents of the ozone gene- 
rator completely into oxygen after our first series of experiments, and 
remeasured. We found that the volume of the oxygen exactly 
corresponded with that with which we began. 


Experiments and Results. 


The following are the results of our first set of experiments, which 
were made specially to test the accuracy of the method. In these 
experiments, the oxygen was first ozonised by means of the Wimshurst 
machine, and, after the action of the machine was complete, it was 
further subjected to the action of the coil; the results obtained are 
given in Table I. In most cases, the ozonising by the machine was 
effected first with the condensers on and then with the condensers off, 
or vice versé; the ozone was separately measured in each case. 

In Experiment V, after a further very prolonged sparking at a 
much quicker rate, the yield of ozone fell to 13°33; and as there is 
considerable risk of local heating in the generator with a very rapid 
discharge, we adopted the higher: number as the correct one. 
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Tasce I. 


Percentage of ozone. 


Difference of | | 


Spark length potential in , 
i mm. electrostatic | Wimshurst. 
units. Induction coil. 
| 
| 


Condenser off. | Condenser on. 


11 ‘80 11°87 13°48 

— 11°87 13 *42 

| 11°70 11°70 13 “66 
11°80 11°70 yan 

— — 13°42 

| -- - 13 +48 


The results given in this table present two well-marked features. 
In the first place, the proportions of ozone produced in the series of 
experiments made by means of the machine are very reasonably con- 
cordant, as also are the results of the experiments in which the coil 
was employed. 

In the second place, there is a marked difference between the pro- 
portions of oxygen converted into ozone under the same conditions as 
to temperature, pressure, and difference of potential by the coil and by 
the machine respectively. We do not think this difference is due to 
the action of the machine having been incomplete, for in Experiments 
I, III, and IV, after the action of the discharge from the machine had 
ceased and the volume of the ozonised gas had been measured, it was 
again submitted to the discharge from the machine for a considerable 
time, remeasured, and found to contain practically the same proportion 
of ozone as before. Thus, in Experiment III, whilst a second applica- 
tion of the discharge by means of the Wimshurst gave no increase of 
ozone after 40 minutes, electrifying the gas by the coil raised the yield 
of ozone by nearly 2 per cent. in about 15 minutes. Neither is it 
likely that it is due to the greater “quantity ” given by the coil, for 
the ozonising power of the Wimshurst is found to be independent of 
the use of the condenser (see Table I). 

We thought at first that the number of discharges which passed 
through the gas in unit time might be the cause of this difference ; 
since in Experiments I, II, and III, the discharges produced by 
means of the coil were about five times as frequent as those caused 
by the machine; we therefore made Experiment V, with the coil, in 
which the number of discharges in unit time were considerably fewer 
than those of the machine (namely, as 130 to 200); the yield of 
ozone, however, was, as will be seen, practically unaffected. 
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As this phenomenon appeared very interesting and important, we 
returned to the subject some time afterwards, when a fresh ozone 
generator was available. The results of these later experiments 
clearly corresponded to those first obtained. Working with a differ. 
ence of potential corresponding to the spark length of 1°39 mm., we 
obtained, in two experiments made with the machine, 14°75 per cent, 
and 14°60 per cent. of ozone respectively, whilst two experiments 
made with the induction coil gave 15°45 per cent. of ozone in an in. 
complete experiment and 15°56 per cent. in an experiment which we 
think was complete. It will be seen that the difference between the 
effects of the coil and the Wimshurst was not quite so great in this 
case, but it was sufficiently marked, and it must be mentioned that the 
machine employed for these experiments was not the same as that 
previously used ; there were also differences in the construction of the 
two tubes which made local heating of the oxygen more possible in 
the case of the second ozone generator than with the first. 

It will be found from experiments subsequently mentioned that there 
are other cases in which two methods of oxonising produce, one a 
greater, and the other a less, proportion of ozone. In such cases, we 
have frequently found that if the oxygen be first fully ozonised by 
means of the more effective method, and then submitted to the dis- 
charge under the less effective conditions, the ozone first formed is 
partly destroyed ; we therefore tried the experiment of first ozonising 
oxygen by the action of the coil, and then submitting the ozonised 
gas to the discharge produced by the Wimshurst machine. But we 
failed to obtain any evidence that the ozone first formed was destroyed 
by this treatment. 

There seems to be no doubt that for a given difference of potential, 
the ozonising power of the discharge obtained by means of a Wims- 
hurst machine is less than that obtained by using an induction coil. 
Whether this merely means that the production of ozone in the one 
case takes place at a much slower rate than in the other, and that 
hence its formation is counterbalanced at an earlier stage by the 
destruction of ozone that must simultaneously occur, or whether the 
maximum ozonising power of the Wimshurst is really less than that 
of the coil, we cannot at present say, though we incline rather to the 
former hypothesis. 

Some experiments made simultaneously with those in Table I, in 
which a small “ Voss” machine was employed, gave 11°45 per cent. 
and 11°35 per cent. of ozone respectively, with spark lengths of 
2°54 mm. These proportions are only slightly less than those given 
by the large Wimshurst machine. 

As a practical matter, whatever the cause of these differences may 
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be, it is now evident that comparative experiments on the production 
of ozone must be made with a given coil or a given machine, 


Effect of varying the Difference of Potential employed. 


The experiments described under this heading were made with 
a Wimshurst machine with 16-inch glass plates, except when the 
contrary is stated. This machine was not that which was employed in 
our earlier experiments ; for the latter we used a large machine with 
ebonite plates, which was kindly lent to us by Mr. F. J. Fry. The 
yield of ozone with the second machine was a little better than with 
the first, when the same ozone generator was: used. 

The earlier experiments of this series were made with the ozone 
generator employed for the above-mentioned trials. We first tried a 
difference of potential corresponding to a sparking distance of 0°93 mm. 
The effect of the discharge at this low potential after 90 minutes 
was exceedingly small, and even in six and a half hours only 1°5 
per cent. of ozone was produced. The experiment was continued for 
eight days; at the end of that time only 7°42 per cent. of ozone had 
been formed. It was then stopped, as there was no hope of complet- 
ing it except by continuing to work day and night for a long while, 
in order to avoid the loss that occurred in the intervals of work. 

There is, however, reason to think that even at this low difference of 
potential, the yield of ozone would ultimately have become as high as 
that obtained in the experiments next described ; for, on a subsequent 
occasion, after obtaining 12°13 per cent. of ozone at a higher differ- 
ence of potential, we raised the proportion of ozone in the gas dis- 
tinctly, namely, to 12°33 per cent., by continuing the experiment at 
the lower difference of potential corresponding to a spark length of 
0'93 mm. for a few hours, and, though the difference between these 
two results comes rather near to the experimental error, we think 
that, taken with the results which follow, it supports the opinion we 
have formed. 

After the above results, when it was desired to measure the ozonis- 
ing power of the discharge at a very low difference of potential, we 
adopted the practice of only submitting the gas to the action of 
the discharge at the low difference of potential after it had been 
partly ozonised at a higher difference of potential. In this way we 
were able to a great extent to avoid the difficulty created by the 
slowness of the action of the former discharge. 

In Table II, p. 952, are given the results of four more experiments 
made with the same ozone generator. 

This generator was broken by a spark as we were about to try a 
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higher difference of potential. A second was then set up, and the 
results given in Table III were obtained with it. 


Tasue II. 


| 

| Difference of potential 

— a ong | in CGS. ‘hate a be ozone 
te cetera static) units. ? ; 


33° 
36° 
42° 
69 «6 


Taste III. 


Length of spark | Difference of potentiai , 
employed in in C.G.S. (electro. ee - ee 
mm. | static) units. —— 


13 *29* 
12°13 
12°13 
12°01 
12°04 
11°83 
11°92 
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Some time afterwards we made two experiments with the same 
ozone generator. In the interval, the scale had been moved and a 
change made in the electrical machine employed. This is probably 
the cause of the slight apparent increase in the amount of ozone it 
yielded at the spark length 647 mm. The more marked gain at 
1:39 mm. was doubtless caused by the difficulty, already alluded to, 
of completing the action of the discharge at very low differences of 
potential, and means that the result of Experiment I, Table III, is 
low. On a subsequent occasion, a still higher yield of ozone was 
got with this ozoniser under similar conditions. P 

From these separate experiments, it seems certain that a greater 
proportion of ozone is produced by employing low than by means of 


high differences of potential. 
To confirm this, we endeavoured to ascertain if the electric dis- 


* Probably below the maximum attainable yield, owing to the slowness with 
which the discharge acts at low differences of potential (see p. 951), especially 
towards the end of an experiment. 
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Results. 


Length of spark Difference of potential Percentage of 
in C.G.S. units. ozone. 


14°75 
12°39 


charge produced at higher differences of potential would destroy any 
of the ozone produced by the discharge at lower differences of poten- 
tial. The following experiments were made :— 

Experiment I—The oxygen in the ozone generator was submitted 
to the action of the discharge with the micrometer discharger set at 
a sparking distance of 1°39 mm. till 14°60 per cent. of ozone was 
obtained. 

The sparking distance was then raised to 6°47 mm., and the action 
continued; in 10 minutes the volume of the gas had obviously 
increased, and after half an hour only 12°85 per cent. of ozone was 
present. 

Experiment II.—The oxygen was again submitted to the discharge 
with the discharger set at 1:39 mm. When 14°05 per cent. of ozone 
was present, the sparking distance was raised to 6°47 mm., and the 
experiment was continued. Again there was very quickly a sensible 
increase of volume, and after an hour and a half the amount of ozone 
present was reduced to 12°65 per cent. 

There can be no doubt, therefore, that in the case of the second 
generator, which in future will be called B, the employment of a 
high difference of potential prevented us from producing the highest 
possible yield of ozone. On the other hand, this was not the case with 
the first ozone generator. Fortunately, we had made both instruments 
ourselves, and we were therefore able to form an opinion as to the cause 
of the difference. We knew that the annular space between the tubes 
of the first ozoniser was fairly regular, and that the tubes were well 
out of contact at all points. The tubes of the second ozoniser B, on 
the other hand, were almost in contact at several parts of their 
surfaces; hence, as in all other respects the two ozone generators 
were closely alike, we concluded that the difference between the 
results obtained with them was due to the shortness of the path of 
the discharge at some parts of the second ozone generator. 

We endeavoured to test this hypothesis by constructing two new 
ozone generators, one with the tubes very close to each other, and the 
other with the tubes further apart, and at as nearly as possible the 
same distance from each other throughout. We fortunately pos- 
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sessed two pieces of suitable tube which almost exactly fitted the one 
into the other, and from these a third ozone generator, C, was made, 
fitted with a manometer, and filled as before. Owing to the closeness 
with which these tubes fitted, diffusion took place very slowly in 
this instrument. And as the rate at which ozone is produced at low 
differences of potential is very slow (see p. 951), these two circum- 
stances combined to place the experiments made with it at low 
differences of potential at a distinct disadvantage. Nevertheless, the 
results obtained are clearly of the character expected, though for the 
reasons given above they are not quite so regular as before; they 
are given in Table IV. 


TasLe [V. 


Spark length 1:39 mm. Spark length 2°66 mm. 
(20 C.G.S. units). (33 C.G.S. units). 


16°27 15°79 
16°83 16°19 
17°15 15-99 
16°99 16°59 


Mean 16°81 Mean 16°14 


It will be seen that these figures confirm the conclusion we had 
come to from the earlier results, that when the path of the discharge 
is very short, even if the utmost care is taken in cooling the ozone 
generator, the yield of ozone is greatest when the difference of po- 
tential employed is low. 

It will be noticed that the proportions of ozone given by this tube 
are in every case exceedingly high. In one case, the yield almost 
reaches the highest amount obtained by McLeod (17°4 per cent.) in 
his electrolytic experiments (Trans., 1886, 49, 590). 

Unfortunately, we were unable to make a satisfactory ozone gene- 
rator of the other type, for, though we had a large stock of the right 
kind of tube, no two pieces were at once sufficiently regular and of 
suitable dimensions. We did make and try a fourth instrument, but 
the distance between its discharging surfaces was between 1°3 and 
14 mm., and consequently it ozonised so slowly that it was impossible 
to obtain any results of value with it. 
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Experiments to ascertain the Relative Influence of the Discharges when 
they succeed each other (I) with Moderate and (II) with Great 
Rapidity, and on the Influence of very Low Pressure on the Production 
of Ozone. 


Hautefenille and Chappuis have shown (Compt. rend., 94, 646) 
that at a pressure of about 50 mm., oxygen is alternately ozonised 
and deozonised by the silent discharge. They used an induction coil 
for their experiments, and they came to the conclusion, if we under- 
stand them rightly, that this peculiar phenomenon depends partly on 
the exothermic character of the action in which oxygen is produced 
from ozone, and partly on the heat generated by the discharge. 

They suggest that the production of ozone by the silent discharge 
is accompanied by its spontaneous decomposition, and that the 
amount of this decomposition increases with the umount of ozone 
formed. So that a point is presently reached at which the heat 
liberated by the transformation of ozone into oxygen, together with 
that generated by the discharge, is sufficient to bring about a re- 
versal of the change which it appears was often ‘complete in their 
experiments. 

In the course of some incomplete experiments on this subject, we 
have found that when well cooled oxygen at a pressure of about 
50 mm. is submitted to the silent discharge, the retrograde action 
does not occur when the interrupter of the coil is running at a slow 
or moderate pace; for instance, we have not yet observed it when the 
interruptions have been less than 900 per minute. If, however, the 
interruptions occur at six to eight times that rate, we have several 
times observed a reverse action of the discharge resembling that 
described by Hautefeuille and Chappuis, though in our experiments 
this has never gone to the extent of completely decom posing the 
ozone in the tube. 

We think, therefore, that the lanai’ in question are probably 
intimately connected with the erratic action of the spring interrupter 
of the induction coil, though we do not feel justified in speaking 
quite positively yet, as our experiments are incomplete, and we are 
continuing them. Our results in this direction have, however, led us 
to make some farther experiments with oxygen at ordinary pressures, 
the results of which are interesting; they tend to confirm the idea 
that the phenomena observed by Hautefeuille and Chappuis are 
connected with the action of the interrupter, and they show that 
similar phenomena occur, though to a much more moderate extent, 
in the ozonising of oxygen at other pressures also. 

In making the experiments already described, we had often studied 
the influence of a moderate variation in the number of discharges 

VOL, LXIII, 3 T 


SHENSTONE AND PRIEST: STUDIRS ON THE 


per minute in the ozone generator, but we had never found any reason 
to suppose that such changes in the frequency of the discharge affect 
its ozonising power. 

We now attempted to work with discharges of greater frequency, 
and having satisfied ourselves by means of observations made with 
the micrometer discharger, that the interruptions made by the spring 
interrupter could be easily brought to at least six times the frequency 
of those given by the clock interrupter, we made the experiments 
which follow. 

Experiment I.—The oxygen in the second ozone generator B was 
exposed to the action of the discharge from the induction coil; a 
difference of potential corresponding to a spark length of 298 mm. 
was employed, and the interruptions of the primary current were 
about 950 per minute. When 14:08 of ozone had been formed, the 
spring interrupter was put on the coil, and, as the battery was 
running down, the difference of potential was lowered to that corre- 
sponding to the spark length 1:39 mm.* 

The gas was then again submitted to the discharge at this lower 
difference of potential, with the interrupter acting at least six times 
as rapidly as before. The effect was soon visible to the eye, and after 
seven minutes it was found that only 13°20 per cent. of ozone 
remained. 

Experiment II.—The oxygen in the same ozone generator was sub- 
mitted to the discharge at the difference of potential corresponding 
to a spark length of 1°39 mm. with the slow interrupter till 1437 
per cent. of ozone was formed, and the quick-acting interrupter was 
then put on at the same difference of potential. The volume of gas 
increased to about the same extent as before, but it was not measured 
owing to an accidental interruption. 

Experiment III.—This was a very careful repetition of Experiment 
II. In this trial, 15°48 per cent. of ozone produced by the slow 
interrupter was reduced to 13°67 by the quick one in 35 minutes. 

From these three experiments, it is clear that a very rapid succes- 
sion of discharges is unmistakably opposed to the production of a 
high yield of ozone from oxygen, and that hence the ordinary form of 
induction coil, with its variable and often exceedingly rapid inter- 
ruptions, is not a suitable instrament for use in exact work. It is 
not desirable here to discuss at length the cause of the effect of a 
very rapid succession of discharges, but it appears to us likely that it 
is merely the result of local heating of the gas, which would certainly 
reduce the amount of ozone formed. 


* This would tend to raise the yield of ozone. 
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Summary of Results. 


1. It is possible to obtain very fairly concordant results in the 
conversion of oxygen into ozone by the influence of the silent dis- 
charge of electricity. 

2. Provided the path of the discharge be not too short at any point 
in an ozone generator, the maximum proportion of ozone that can be 
produced in if at given temperature and pressure is nearly inde- 
pendent of the difference of potential employed to produce the dis- 
charge, at any rate between the limits of 33 and 69 C.G.S. units 
(electrostatic). 

3. If the path of the discharge be very short at any point in an 
ozone generator, then the maximum proportions of ozone that can be 
obtained in it at given temperature and pressure will have an in- 
verse relation to the differences of potential employed. 

4. The rapidity with which oxygen is converted into ozone in a 
given ozone generator, and under given conditions of temperature 
and pressure, is greater when great differences of potential ‘are 
employed than for smaller differences of potential, or, in other words, 
a given attainable percentage of ozone can be obtained more quickly 
by employing « high difference of potential than by means of a lower 
one. 

5. The maximum proportion of ozone that is produced from oxygen 
in a given ozone generator, at given temperature and pressure, is less 
when the number of discharges in unit of time is very great than 
when it is more moderate. 

6. The highest proportions of ozone can be obtained from oxygen 
(at given temperature and pressure, and if a given difference of 
potential is employed) by using an ozone generator made of very thin 
glass, and in which the inner tube fits the outer tube rather closely, 
but such an ozone generator acts very slowly if the mingling of its 
contents depends upon diffusion. 

7. A greater proportion of oxygen can be converted into ozone in a 
given ozone generator when a given difference of potential is 
employed, and the gas is maintained at a given temperature and 
pressure, by the action of an induction coil than by means of a 
Wimshurst or “ Voss” machine. 

It should here be again pointed out that the discharges obtained 
by means of a Wimshurst machine do not, however, destroy ozone 
when the percentage present is greater than that which the machine 
itself can produce, as this fact appears to dispose of an obvious hypo- 
thesis as to the cause of the phenomenon. 


From the second and third of the above statements, it may at first 
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appear that our results are opposed to those obtained by Gianetti and 
Volta, by Berthelot, and by Bichat and Guntz, all of whom state that 
the yield of ozone at high potential is greater than at low potential. 
As a matter of fact, however, our results do not conflict with ther 
observations ; indeed, our fourth statement expresses in another way 
the same conclusion that was arrived at by these earlier observers, 
who in every case worked under such conditions that they almost 
certainly measured the proportion of ozone and oxygen in the gas 
before the condition of equilibrium had been attained. 

Their results show, as do also some of ours, that a given moderate 
percentage of ozone can be obtained more quickly by employing a high 
difference of potential at the electrodes of the ozone generator than 
by means of a low difference of potential. Working by their method, 
they did not measure the final effect of the discharge. 

It may be useful if we mention here that when it is required to 
ozonise a current of oxygen for lecture illustrations, or for any other 
purpose, the following are the chief points to attend to :— 

I.—The ozone generator should be cooled if possible, and as this is 
most easily effected in the case of the Brodie ozone generator, the 
Brodie generator is, on the whole, the best one to use. 

II.—The ozone generator should be made of the thinnest glass 
that can be drawn, of the necessary size and regularity. 

III.—The inner tube of the ozoniser should fit fairly closely into 
the outer tube. 

IV.—If oxygen very rich in ozone is required, the oxygen should 
be passed through the ozoniser very slowly; the difference of potential 
at the electrodes should not be too high, and the interruptions of the 
primary current should not exceed 1000 per minute. . 

V.—If, however, it is chiefly important to charge the oxygen with 
ozone rapidly, a higher difference of potential may be employed with 
advantage, but a less proportion of ozone will be obtained. 

VI.—A large induction coil will give the best results if it is properly 
managed, especially in regard to rapidity of action. 


General Conclusions. 


We have already expressed our opinion that the reduced propor- 
tion of oxygen that is converted into ozone when the discharges in 
the ozonizer follow each other very rapidly is probably due to the 
impossibility of thoroughly counteracting the heating effect of the 
discharge, and it seems not unlikely that the similar effect of employ- 
ing high difference of potential when the path of the discharge 
is short may be due to the same circumstance. It is pretty certain, 
however, if this be so, that the low ozonising power of the Wimsburst 
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machine, as compared with that of the coil, must be explained in 
some other way; for in this case the discharge of lowest ozonising 
wer is not capable of destroying ozone already formed. 

We think that our results throw some new light on the nature of 
the process or processes by which oxygen is converted into ozone by 
the electric discharge. 

If the “electrostatic stress theory ” be discarded as not being sup- 
ported by the recent experimental results of Thomson and Threlfall 
(Roy. Soc. Proc., 40, 329) and others, there remain two chief 
hypotheses on this subject :— 

I. That ozone is produced by the direct action of the discharge. 

II. That the direct effect of the discharge is not to produce ozone, 
but to resolve a greater or less proportion of oxygen molecules into 
atoms, and that ozone is produced after the discharge by recombina- 
tion among these atoms. 

The results obtained by Bichat and Gantz for single discharges, to 
which we have already alluded, appear to be equally consistent with 
either hypothesis. 

If ozone is produced by the direct action of the discharge, then a 
discharge at a high difference of potential would be likely to produce 
more ozone than a discharge at a low difference of potential. On 
the other hand, if the direct effect of the discharge is to liberate 
oxygen atoms, it is likely that more atoms would be liberated, and 
hence that more ozone would be formed, by a few discharges at a 
high difference of potential than by an equal number of discharges at 
a lower difference of potential. 

But our experiments on the ultimate effect of the discharge do not 
give equal support to both hypotheses. They show that unless the 
path of the discharge be very short, the proportion of oxygen con- 
verted into ozone, under given conditions as to temperature and 
pressure, is, fora given ozone generator, practically independent of 
the differences of potential employed, provided that their range is of 
moderate extent. In other words, they show that the ultimate effect 
of the discharge is conditioned only by the temperature and pressure at 
which the ozonising is effected. Further, our experiments show that 
any circumstance which is likely to be opposed to the effective cool- 
ing of the gas (such as great frequency of discharge, or the employ- 
ment of very high difference of potential with a short path for the 
discharge) causes a falling off in the proportion of ozone formed, 
whilst any circumstance which promotes the efficiency of the refrige- 
rating power of the ozone generator (such as employing the discharges 
at a slow rate of frequency, or using an ozone generator the tubes of 
which fit closely, together with low potential difference) raises the 


proportion of ozone considerably. 
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These facts seem to us to distinctly support the second hypothesis, 
For, if the forming of ozone depends on the recombination of the 
atoms of oxygen after the discharge, we should expect the propor. 
tion of ozone formed to be largely influenced, first, by the refrigerat. 
ing efficiency of the ozone generator, and, secondly, by the temper. 
ature employed. On the other hand, if ozone is produced directly by 
the discharge, it seems unlikely, considering the comparatively high 
temperature of the luminous oxygen, that a small difference in the 
promptitude with which the gas is cooled after the discharge would 
so materially influence the yield of ozone. 


APPENDIX. 
On the Electrical Phenomena that occur in the Ozone Generator. 


The discharge that occurs in the ozone generator is probably not 
continuous, though it appears to be so when the discharges succeed 
each other with sufficient rapidity. It is ou the contrary intermit- 
tent, each discharge at the micrometer discharger being accompanied 
by a discharge within the ozone generator. 

What foliows will perhaps make this clear. 


Let A, A’ be two thin plates of glass about 1 mm. apart, and B, B’ 
two sheets of tin foil. Let C, C be the plates of a micrometer 
discharger, and let B, B’ and C, C be-electrically connected to each 
other and to an electrical machine. Then A, A’ will correspond to 
the tubes of the ozone generator, B, B’ to its external electrodes, the 
air between A, A’ will represent the gas in the ozone generator, 
and by looking between the plates, it will be possible to observe the 
character of the ozonising discharge. 

If now the electrical machine be slowly set in action, a difference 
of potential will be set up between a, a’, but, provided that leakage 
is prevented, no visible discharge will occur (with such differences of 
potential as we have yet studied) until B, B’ are discharged by the 
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passage of a spark at C,C. When this happens, however, the space 
between a, a’ will be tilled momentarily with a luminous glow if the 
glass surfaces be dry, or with a shower of minute sparks if they be 
not dry. 

Now it has been shown by Thompson and Threlfall (Proc. Roy. 
Sor., 40, 329), and confirmed by other observers, that no ozone is 
produced in an ozone generator, unless there be juminous discharge, 
and as in our experiments the apparatus and its contents were always, 
practically speaking, dry, it may be assumed that in the work de- 
scribed in the above paper we have studied the effect of the glow 
discharge. 

In order to produce the above-described phenomena, it is best to fix 
conducting rims round the edges of A, A’ and to connect these to each 
other by means of a wire, also to coat the glass plates with paraffin, 
except on their inter surfaces opposite to the sheets of the tin foil. 
If this be not done, irregular leakage will oceur and produce com- 
plications. 


LXV.—The Fluorescein of Camphoric Anhydride. 
By J. Norman Cou.te, Ph.D. 


Ix a paper published some time ago (Ber., 25, 1108), I suggested a 
formula for camphoric acid, 


CH:-CH; 
F ley 
H,¢ VHCOOH , 
H.C O(CH,)COOH 
\Z 


CH, 


which seemed at the time to be in harmony with most of the known 
reactions of that acid. Since then, J. Walker (this vol., p 495), in 
his paper on the electrolysis of sodic ethylic camphorate, has shown 
that in order to explain the electrolytic decomposition of sodic ethylic 
camphorate, and also the reactions of the dibromide of campholytic 
acid, camphoric acid must contain the group 


HC—COOH 
—C—COOH’ 
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If camphoric acid, therefore, is a succinic derivative, it would be a 
curious fact should the anhydride not give a fluorescein when heated 
with resorcin and acondensing reagent. According to Marsh (Trans, 
1891, 59, 651), camphoric anhydride yields no such compound. The 
present communication, however, is to show that under suitable con- 
ditions a fluorescein can be obtained from it. 

The failure of others to produce such a compound was no doubt 
due to the fact that unless camphoric anhydride is heated carefully 
with such condensing agents as sulphuric acid or zinc chloride, other 
reactions occur whereby the anhydride is destroyed before it has 
time to react with the resorcinol, sulphuric acid and camphoric 
anhydride giving sulphocamphylic acid, whilst zine chloride gives 
tetrahydrometaxylene. 

In my first attempts to prepare a fluorescein from camphoric 
anhydride, I was only able to obtain enough to give a decided green 
fluorescence when the product of the reaction was dissolved in alkalis. 
But, as a fluorescent compound was always produced whenever res- 
orcinol and camphoric anhydride were heated in sealed tubes to a 
high temperature (above 360°), or when sulphuric acid or zinc 
chloride were used as condensing agents, I was led to try what varia- 
tions in the experiment would give the largest yield of the fluorescein. 
The first series of experiments were made with strong sulphuric 
acid as the condensing agent. 9 grams of the anhydride were 
mixed with 12 grams of resorcinol and 60 grams of strong sulphuric 
acid. The mixture was then heated in an evaporating basin on a sand 
bath. There was no evolution of gas, but almost at once, on heating, 
the whole became a mass of white crystals. On further heating, the 
mixture darkened, and sulphur dioxide began to be evolved. After 
heating for half an hour at about 200°, the mixture had turned almost 
black. It was then cooled, dissolved in ammonia, the solution filtered, 
and acidified with hydrochloric acid. The precipitate when dissolved in 
alkalis gave a bright green fluorescence. This precipitate was at first 
thought to be the fluorescein, but it was soon found to be almost com- 
pletely composed of a dark, brownish-black substance, which dissolved 
in ammonia with a splendid red colour and seemed to be allied to 
alizarin. It dyes cotton mordanted with alumina or ferric oxide, and 
is soluble in alkalis, but is reprecipitated by acids. It contains sulphur. 
Great difficulty was experienced in separating the true fluorescein 
from this compound, and it was only after many experiments had 
been tried that the following method was successful. 

The precipitate which was obtained by adding hydrochloric acid to 
the ammoniacal solution of the products of the reaction was allowed 
to stand with a very dilute solution of caustic soda. By this means, 
only a small quantity dissolved, but most of the fluorescein went into 
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lution. After filtering, successive quantities of ferric chloride were 
added to the solution, whereby the precipitated ferric hydrate carried. 
down all the colouring matter present, leaving the fluorescein still in 
solution. After filtering, the fluorescein was precipitated with hydro- 
chloric acid, collected, and dissolved in a small quantity of alcohol. 
On the addition first of ether and subsequently of light petroleum, 
the pure fluorescein separated as a brown powder. 

This was collected and dried. On analysis, the following results 
were obtained. 


0'124 gave 0°326 CO, and 0:065 H,O. C = 71°67; H = 5°82. 
C»H;,.0; requires C = 72°13; H = 6:01 per cent. 


This method is by no means a good one for the preparation of the 
fluorescein. The above amount, 0'124 gram, was all that was ob- 
tained from 10 grams of camphoric anhydride. It was, however, 
sufficient to show that camphoric anhydride gave with resorcinol a 
true fluorescein according to the equation 


CHO; + 2C,H,0, = C»H:.0; + 2H,0. 


Resorcinol was treated with sulphuric acid in a precisely similar 
manner, but without a trace of any fluorescein being produced. 

As the yield of fluorescein was so small when sulphuric acid was 
used as the condensing agent, the next set of experiments were made 
with zinc chloride. 10-grams of anhydride, 12 grams of resorcinol, 
and 10 grams of finely powdered zinc chloride were carefully heated 
in an oil bath at 180° for about an hour. The contents of the flask 
were then dissolved in dilute caustic soda solution, filtered, and pre- 
cipitated by hydrochloric acid. The precipitate was well washed with 
water and then dried. In order to prepare the pure fluorescein from 
this crude product, the whole mass was dissolved in dry alcohol, a 
large excess of ether was added, and subsequently light petroleum ; 
the precipitated fluorescein was then dissolved in soda, reprecipitated 
by acid, collected, and dried. 

Thus prepared, camphoric fluorescein is a brown powder which 
does not seem to be crystalline, separating from an alcoholic solution 
asa powder. It dissolves in alkalis with a rose-red colour when seen 
by transmitted light, and shows a splendid moss-green fluorescence 
by reflected light. 

00910 gave 0°2415 CO, and 0°0485 H,O. C = 72°37; H = 5:92. 

CHO; requires C = 72°13; H = 6-01 per cent. 
When it is boiled with acetic acid and bromine, an eosin is pro- 


duced, which dissolves in alcohol with a beautiful pink colour, and 
shows a yellow fluorescence. There, therefore, seems to be no doubt 
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that camphoric anhydride does give with resorcinol a true fluorescein 
compound, and the argument that it cannot be a substituted succinic 
acid, because its anhydride does not give a fluorescein, is no longer 
valid. 

During these experiments, I have noticed that resorcinol itself, 
when heated with zinc chloride, yields some compound which dissolves 
in alkalis with a green fluorescence. This substance, however, could 
not be easily mistaken for a true fluorescein, as the fluorescence is 
of quite a different shade of green, a bluish-green, whilst the true 
fluoresceins are a yellowish-green. 

I have also heated isopropylglutaric anhydride with resorcinol 
and zine chloride, and obtained unmistakable evidence that anhydr. 
ides of the glutaric series also yield fluoresceins. The argument, 
therefore, that if an anhydride of a dicarboxylic acid yields with 
resorcinol a fluorescein, the substance must be an anhydride of the 
succinic type, is probably inaccurate. 


University College, 
London. 


LXV I.—Composition of a Specimen of Jute Fibre produced in England. 
By Anprew Pears, Junr. 


THE jute fibre has been the subject of special investigation during 
receut years, more particularly by Cross and. Bevan, and at their 
suggestion I have undertaken the cultivation of the plant (Corchorus 
capsularis) for the production of fibre with the view of throwing 
further light upon the chemistry of this particular bast fibre, and more 
generally upon the process of lignification, of which it affords the 
simplest example. 

Without going into minute details as to the conditions of cultiva- 
tion, the following are the main points to be noted :—The seed, which 
was kindly supplied by the officials of the Royal Gardens, Kew, was 
germinated in May, and the seedlings planted out, at sufficient dis- 
tance apart to allow free growth without branching. The plants 
were kept in a house having the average temperature of 65°F. A 
nurmal growth was obtained, the stems reaching a height of 5 ft. 
without branching. There was plentiful flowering followed by 
ripening of the fruit; the stems were not cut down till the seed pods 
were well matured, The seed saved has since been successiully 
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inated for a second crop, and a further specimen of “ native” 
seed has also been kindly supplied from Kew for parallel growth and 
comparison. From the stems, the bast was isolated after a long 
steep in tepid water. It was obtained in satisfactory condition, of a 
silver-grey colour, and of softer quality than the ordinary commercial 
fibre, which in other respects, however, it closely resembled. The 
chemical investigation also revealed the general resemblance to the 
ordinary fibre, which was to be expected, but at the same time 
differentiation in important particulars, from which certain conclu- 
sions may be drawn as to the chemistry of the process known to 
physiologists as lignification. 
The following observations, which include the main chemical 
features of the fibre substance, were made comparatively with a 
normal specimen of Indian prodaction. 


Qualitative Reactions. 


With aniline sulphate, pale-yellow coloration; phloroglucol and 
hydrochloric acid, brownish-red coloration; chlorine, a pale-yellow 
changed by sodium sulphite solution to brownish-crimson. These 
colour reactions are those characteristic of the normal fibre, but much 
weaker. The reaction with sulphuric acid, that is, dissolution with 
adevelopment of a purple-brown coloration, was identical with that 
of the normal fibre. 


Quantitative Observations. 


The results are given in the subjoined table, p. 967. 

The above scheme of examination of fibres of this class is a 
development of those previously published by Cross and Bevan 
(Reports Col. Ind. Exhibition, 1886; compare Trans., 1884, 43, 23) 
including results of later investigations as given. 

These observations, while establishing a close similarity in typical 
characteristics with the normal fibre, reveal a marked differentiation 
in important particulars, chiefly in carbon percentage and the re- 
actions with chlorine and with the nitrating acid. 

We have, in fact, a product similar to the normal cellulose in 
ultimate composition, and yet exhibiting, though with variations in 
degree, the reactions and therefore the constitutional features of the 
lignocelluloses. This is a point of considerable physiological im- 
portance, the bearings of which must be briefly noted. 

It is well known that the reaction of the lignocelluloses with 
chlorine to form (quinone) chlorides marks them off in the sharpest 
way from the celluloses. It has also been shown that this reaction 
is due to the presence of hydroxylated keto-R-hexene groups, these 
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constitutional features being associated with higher carbon per. 
centage (46—47). 

The deficiency of these characteristic groups being associated with 
a deficiency of carbon in the specimen in question, suggests as a 
common cause the “dilution’’ of the empirical formula by the 
elements of water, which in the constitutional formula would take 
the form of OH groups. Thus the normal fibre substance is re- 
lated to the specimen in question approximately as 2C,.H,0, to 
2C,,H.O,,3H,0. To provide for the additional hydroxyl, we must 
assume that the CH:CH groupings are in proportion resolved, or 
rather remain undetermined, and this is in accordance with the 
observed properties of the substance, not only in regard to the 
reaction with chlorine, but also to its behaviour with the nitrating 
acid, which was marked by oxidation and hydrolysis of the fibre sub- 
stance. 

If these deductions are correct, they afford further and specific 
evidence for the view that lignification is to be expressed chemically 
as a process of dehydration with carbon condensation, no doubt 
attended by subsidiary rearrangements within the molecules in- 
volved; and in the specimen of fibre under examination, the incom- 
pleteness of such a process is exactly represented by its composition 
and reactions compared with those of the normal or fully lignified 
fibre. A general view of the chemistry of lignification certainly 
leaves one impressed with the conclusion that its main feature is the 
transition from “saturated *’ to “unsaturated.” compounds, that is, 
from cellulose to bodies characterised by hexacarbon and tetracarbon 
rings, and presenting one or more CH:CH groupings. There is 
ample evidence that the condensation to groups of the former type 
takes place in the plant itself; and condensation to the latter, as 
evidenced by the formation of furfuraldehyde, is easily determined by 
subjecting the lignocellulose to acid hydrolysis, and no doubt is also 
a feature of the normal physiological changes in the plant. The 
lignocelluloses in this view are not mere mixtures of a normal 
cellulose with varying proportions of such condensed “lignone” 
groups, but present a type of cellulose susceptible of, and undergoing, 
such condensation, retaining the products of condensation in union 
with the parent substance ; and the specimen in question represents 
the earlier phases of such condensation changes. Farther, to speak 
of the “non-cellulose ” constituents of the cell substance in the case 
of lignified cells as “ encrusting ’’ matters, results from confusion of 
what is no doubt morphologically a correct description of one aspect 
of the process of lignification, with the very incomplete view of the 
chemistry of the process which has had to do duty for a theory of 
these changes. 
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Thus in the specimen of fibre under consideration, although 
“‘lignification,” considered chemically, was found to be very incom- 
plete, notwithstanding that the period of growth was extended much 
beyond the usual limits, microscopic investigation of the fibre bundles 
(cross section) revealed the presence of about the normal proportion 
of fully thickened fibres in which the lumen, that is, the central canal, 
was almost entirely obliterated by the thickening of the cell wall. 
It must be conceded, therefore, that the evidence is a specific con- 
tribution to the view that lignification (and incrustation) is in great 
measure a self-contained or intrinsic process of modification of the 
cell substance; these chemical changes following broadly such lines 
as above described. 

This view is in strict accordance with modern developments of the 
chemistry of the hexacarbon rings in all their numerous variations, 
and is an exemplification, drawn from the natural history of carbon 
compounds, of the many-sided transitions which are opened up by the 
introduction of carbonyl and hydroxyl groups into these rings. 

In conclusion, it is to be remarked that while the physiological 
problems of elaboration cannot be satisfactorily attacked by taking 
the plant as a whole, results in this direction may be expected from 
the study of definite variations in the composition of a particular 
tissue which can be isolated for the purpose of investigation, and 
which presents, when isolated, a compound of such general reactivity 
as to permit a quantitative study of a number of characteristic de- 
rivatives. The bast tissue of the jute plant fulfils these requirements 
in an exceptional degree, and as it has now been shown that the 
factors of lignification are in the highest degree variable, the prosecu- 
tion of the investigation thus initiated cannot fail to further correlate 
the chemistry of the plant with current developments of general 


theory. 


Laboratory of Messrs. Cross and Bevan, 
New Court, London. 


LXVII.—Supplementary Notes on Madder Colouring Matters. 


By Epwarpd Scuunck, Ph.D., F.R.S., and Leon Marcutewskt, Ph.D. 


Tue chemistry of madder colouring matters is a field from which 
so many harvests have been gathered that it would seem almost 
impossible to obtain anything from it. Nevertheless in this, as in so 
many other cases, it is possible for the industrious gleaner to secure 
a few leavings overlooked by his predecessors. Very important new 
discoveries cannot, of course, be looked for now; still, some interest- 
ing facts in connection with this subject remain to be described, as 
we shall be able to show in the course of this communication, which 
is intended to serve as a sequel to the previous ones read before this 
Society (J. Chem. Soc., 1877, i, 665, and Trans., 1878, 33, 422). Among 
the colouring matters obtained from madder is one described many 
years ago by one of us (Phil. Trans., 1853, 72), to which the name of 
rubiadin was applied. Though the relation in which this substance 
stands to other well known madder colouring matters, such as alizarin 
and purpurin, was not at the time suspected, there could be little 
doubt but that it was a distinct and well-defined substance. Recent 
experiments have confirmed the accuracy of this view, and have 
shown that rubiadin is closely related to the other colouring matters 
of madder, being a methyl substitution product of purpuroxanthin, 
which is itself an isomeride of alizarin obtained from purpurin by 
deoxidation. We shall, moreover, on this occasion describe a new 
substince, a glucoside of rubiadin, convertible by hydrolysis into 
rubiadin and glucose. In order to prepare this substance, the fol- 
lowing method was adopted :—Ground madder—Dutch being the 
kind employed—was treated with boiling water. The dark brown 
extract was strained through calico and then mixed with an excess 
of a solution of lead acetate, which gave an abundant reddish-purple 
precipitate, consisting probably for the most part of the ready 
formed colouring matters of the extract in combination with lead. 
This precipitate was filtered off, and an excess of ammonia added to 
the dark yellow filtrate, when a voluminous red precipitate was 
obtained, the liquid becoming colourless. This precipitate was col- 
lected, slightly washed with water, and treated with an excess of 
dilute sulphuric acid. The excess of the latter having been removed 
with lead carbonate, the liquid was filtered, and the lead in solution 
removed by hydrogen sulphide. 

The yellow filtrate from the lead sulphide was evaporated to about 
one-half, acidified with sulphuric or hydrochloric acid, and boiled for 
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some time. During the boiling, a dark green precipitate was 
gradually formed, the liquid becoming much paler in colour. This 
precipitate was collected, washed, and treated with boiling alcohol, 
in which part dissolved, a dark green powder* being left. To the 
liquid filtered boiling hot, an alcoholic solution of lead acetate was 
added; this gave a dark purple precipitate, consisting, in part at 
least, of a lead compound of alizarin. The precipitate having been 
filtered off, the yellow filtrate was evaporated to dryness, the residue 
treated with water in order to remove the excess of lead acetate, and 
the residue collected, washed, and treated with boiling baryta water. 
The latter dissolved any rubiadin that might be present, giving a red 
solution, from which barium rubiadin crystallised out on cooling. 
The red substance left undissolved by the baryta water was the 
barium compound of the glucoside; this was decomposed with dilute 
hydrochloric acid, and the glucoside, after being collected and 
washed, was dissolved in boiling alcohol, from which it crystallised 
on cooliug. It is not necessary to suppose that the rubiadin obtained 
by this process was contained as such in the extract of madder; it 
was probably formed by the action of the acid on the glucoside. 


Properties and Composition of the Glucoside. 


By the method just described, it is obtained in the form of a 
lemon-yellow mass which, under the microscope, is seen to consist of 
fine, crystalline needles. When heated in a tube, it melts, the melt- 
ing point being about 270°; it then gives off pungent fumes smelling 
of burnt sugar, and yields a crystalline sublimate of rubiadin. 

It is very slightly soluble in boiling water, te which it imparts 
only a faint yellow tinge, but it is more soluble in alcohol and ether, 
and still more soluble in boiling glacial acetic acid, from which it 
separates, on cooling, in yellow needles. It dissolves in concentrated 
sulphuric acid, yielding a red solution which, on standing, and still 
more rapidly on heating, undergoes decomposition, water now giving 
a yellow precipitate, which consists of rubiadin, whilst the filtrate is 

found to contain glucose. The same decomposition takes place when 
hydrochloric acid is employed. The glucoside dissolves in boiling 
potash solution, giving a red liquid which, on cooling, forms a 
gelatinous, crimson- coloured mass, in the midst of which long, crys- 
talline needles are seen to form after a time. It is almost insoluble 
in a solution of potassium carbonate even when boiled with it; it 
turns dark red on treatment with boiling baryta water, but only a 


* This green substance is a product of decomposition of a constituent of madder 
root called by. Rochleder “ rubichloric acid.” 
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‘trace of the compound formed dissolves, and it is almost insoluble in 
lime water. ; 

The alcoholic solution shows no change on the addition of alcoholic 
lead acetate, but with alcoholic cupric acetate it gives a brick-red 
precipitate. The substance, after being dried for 24 hours at 130", 
yielded on analysis the following numbers. 


I. 01299 gave 02868 CO, and 0°0616 H,O. C = 60:24; H= 5°09. 
Il. 01661 ,, 03674 CO, and 0:0748 H.O. C = 6036; H = 5'0v. 
C,H »O, requires C = 60°57; H = 4°80 per cent. 


Since the glucoside is hydrolysed by treatment with boiling dilute 
acids, yielding rubiadin and sugar, and the former having, as will be 
shown hereafter, the formula C,;H,0,, the decomposition would take 
place in accordance with the equation 


CHO, + H,0 = CysH Oy + C,H 2.0.. 


The glucoside molecule would therefore contain one sugar residue 
to one rubiadin residue. This conclusion was confirmed by a determin- 
ation of the amount of rubiadin and sugar obtained from a certain 
quantity of the glucoside. 0°4282 gram of the glucoside was dis- 
solved in cold concentrated sulphuric acid; the solution was left to 
stand for two hours, then mixed with water, and boiled for two 
hours. The rubiadin thus formed was collected, washed, and dried at 
130°. The filtrate contained the sugar and also a little rubiadin, the 
latter imparting to it a yellow tinge. The sugar was determined in 
the usual manner by means of Fehling’s solution. 

The amounts obtained were 0°2568 gram rubiadin and 0°1800 gram 
sugar (C,H,,0,), corresponding for 100 parts to 


- Calculated for Co; Ha909. 
Rubiadin.... 59°97 61°05 
43°26 (C,Hy0,) 


‘The want of concordance between the experimental and the calcu- 
lated numbers may be explained by the fact that rubiadin is not quite 
insoluble in water, whilst, on the other hand, the sugar may have been 
partially decomposed by the long continued boiling with sulphuric 
acid, There can be no doubt, however, that the molecule of the 
glucoside must be derived from 1 mol. of rubiadin and 1 of sugar, 
for, assaming that the proportion were as 1 to 2, the amounts 
obtained would have been, for 100 parts, 43°9 rubiadin and 62°2 
sugar, and, on the other hand, were the proportion the reverse, 
namely, 2 of rubiadin to 1 of sugar, tle amounts would have been 
‘158 and 26:8 respectively. . 

The accuracy of the formula adopted -for the glucoside was.con- 
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firmed by the examination of its acetyl derivative. The latter was 
prepared according to Liebermann’s method. The glucoside was 
treated with boiling acetic anhydride and dry sodium acetate, the 
excess of the former was decomposed by alcohol, and, after the 
greater part of the ethylic acetate had been evaporated, the liquid 
was poured into water. A light yellow precipitate was produced 
which, after crystallisation from alcohol, melted at 237°, and, after 
drying at 130°, gave, on analysis, the following numbers. 


00960. gave 0°2083 CO, and 0°0416 H,O. C = 59°17; H = 481. 
Cs,H» Oy requires C = 59°45; H = 4°79 per cent. 


Analysis alone could not, of course, lead to any definite conclusion 
as regards the constitution of the acetyl derivative, since the tetra-, 
penta-, and hex-acetyl derivatives differ very little in composition 
inter se. The following experiment shows, however, that the formula 
Cy,H»Oy, which corresponds to a pentacetyl derivative, is in fact 
correct. ©2395 gram was decomposed by means of salphuric acid 
in the way described above in the case of the glucoside itself, yield- 
ing rubiadin, acetic acid, and sugar. The filtrate from the rubiadin 
was brought down toa volume of 250 c.c., and in 150 c.c. the sugar 
was estimated in the usual way. The sulphuric acid was carefully 
determined in 20 c.c. of the liquid. Of the remaining liquid, 20 c.. 
were shaken up in a separating funnel with ether, in order to remove 
the rubiadin present, which, in consequence of its tinctorial pro- 
perties, would have interfered with the reaction, and in 10 c.c. of the 
colourless solution the total acidity was determined by titrating with 
05 normal soda solution. From these data, the total amount of 
acetic acid could be easily determined. Assuming the formula given 
above to be correct, the acetyl derivative would split up in accord- 
ance with the following equation :— 


Cy HwO, + 6H,0 = CysH 00, + C.H;,0, + 5C,H,0.. 


and the following amounts should therefore have been obtained :— 


40°57 per cent. rubiadin, 

28°75 7" sugar, 

47°92 ,, acetic acid. 

The experiment yielded 0°0912 gram rubiadin, 0°0656 gram sugar 

and 0°1131 gram acetic acid, corresponding to :— 

38°07 per cent. rubiadin, 

27°38 - sugar, 

47°23 =, acetic acid. 
Tt seems certain therefore that under the conditions named a pent 
acetyl derivative is formed. 
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The red lake obtained on treatment of the glucoside with caustic 
baryta contains for 1 mol. of barium 2 mols. of the glucoside, as the 
following determination shows. 


0'1628 of the lake gave 0°0405 BaSO,. Ba = 14°60. 
(C.,H,,O,),Ba requires Ba = 14°16 per cent. 


As regards the sugar obtained from rubiadin-glucoside, we may 
say that it is undoubtedly d.-glucose. We propose to describe our 
experiments under this head on a future occasion, our intention being 
to extend the investigation to other similar gluacosides, such as 
datiscin, lupinin, &c. 

Rubiadin. 

Preparation, Properties, and Composition—In order to prepare 
rubiadin from its glucoside, the latter, which withstands the action 
of dilute acids, is dissolved in cold concentrated sulphuric acid, and 
the solution, after being left to stand for three hours, is mixed with 
water, and the liquid kept for about two hours near the boiling 
point; the suspended rabiadin is then collected, washed, dried, and 
purified by crystallisation, first from alcohol, then from benzene. 

Rubiadin crystallises in lustrous, yellow needles. It melts at about 
290°, and, when heated still further, it sublimes unchanged, yielding a 
yellow, crystalline sublimate, and leaving a small carbonaceous 
residue. It is nearly insoluble in boiling water, easily soluble in 
ether, alcohol, benzene, and glacial acetic acid, yielding yellow solu- 
tions, but insoluble in earbon bisulphide. 

The solution in concentrated sulphuric acid is yellow, and shows a 
faint absorption band in the red. Its alkaline solutions are red. 
When treated with boiling baryta water, rubiadin dissolves, giving a 
red solution which, on cooling, deposits the barium compound in 
crystalline needles; these are red by transmitted light, and show a 
yellow, semi-metallic lustre by reflected light. It is insoluble in 
boiling lime water. Its alcoholic solution gives no precipitate with 
lead acetate, but with cupric acetate it gives a brown precipitate. 

The properties of rubiadin resemble very closely those of purpuro- 
xanthin. The latter may, however, be distinguished by its melting 
point, which is 262°, that is, considerably lower than that of rubiadin ; 
its solution in concentrated sulphuric acid shows a faint absorption 
band, which, however, lies further away from the red end than in the 
ease of rubiadin. The barium compound of purpuroxanthin differs 
also from that of rubiadin; it is more soluble in water, and crystal- 
lises in silky needles which when dry are dull red; the calcium eom- 
pound is not quite insoluble in boiling water, and crystallises in dark 
needles arranged in star-shaped groups. Rubiadin, after drying at 
130°, gave on analysis the following numbers. 
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I. 0°1234 gave 0°3189 CO, and 0°0488 H,O. C = 70°47; H = 4-02. 
II. 0:1774 ,, 0°4603 CO, and 0°0662 H,O. C = 70°76; H = 414. 
CisH iO, requires C = 70°86; H = 3°93 per cent. 


The formula C,;H,O, expresses also the molecular weight of the 
substance, since two determinations made according to Raoult’s 
method in Beckmann’s boiling apparatus gave a value nearly corre- 
sponding to the formula given. 

Pure commercial ether, previously distilled over metallic sodium, 
was the solvent employed. 


C= 21. 


Grams sub- Mol. weight Mol. weight 


Grams ether. shames. ° found, calculated. 


70°21 01005 0°012 255 254 
70°21 0°3891 0 043 262 254 


As regards the nature of the substance, there can be no doubt that, 
being obtained from madder, it is a derivative of anthraquinone. 
Several of such derivatives having the formula C,,;H,O, have been 
described, and it might possibly be identical with one of them. A 


comparison of its properties with those of chrysophanic acid, methyl- 
alizarin, ‘and methylquinizarin shows, however, that it cannot be 
identical with any of these. Its properties, on the other hand, 
resemble so closely those of purpuroxanthin as to lead to the conclu- 
sion that it must be a methylated purpuroxanthiu. It might, of 
course, possibly be a monomethylic ether of the latter. In that case, 
however, its melting point should lie between 262° and 180°, the 
melting points of purpuroxanthin and its dimethylic ether respec- 
tively, whereas rubiadin melts at 290°.* 

The properties of rubiadin itself and of its glucoside, and the com- 
position of the acetyl derivative of the latter, point to the conclusion 
tbat the methyl group is contained in the purpuroxanthin nucleus. 
The facts observed in the case of each of these compounds involve a 
certaia formulation of the others. 

It is only by taking for granted the presence of two hydroxyl 
molecules in rubiadin that one can obtain a precise conception of the 
natare of the two compounds. The question as to the exact position 
of the CH; group in the purpuroxanthin molecule remains to be 
determined. 

* A similar difference is observed in the case of alizarin, for whilst the latter 
melts at 290° its monomethylic ether melts already at 229°. 
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LXVIII.—The Constituents of the Indian Dye Stuff Kamala. (I.) 
By A. G. Perxrn, F.R.S.E. 


Ivy conjunction with my brother, W. H. Perkin, junr., I published 
(Ber., 19, 3109) a short paper ‘‘On Kamala,” with the intention of 
afterwards making a thorough investigation of this dye stuff, not 
knowing at the time that the subject had previously been investigated 
by Anderson (Jahresbericht, 1855, 669, and Edin. New Phil. J., 1, 300). 
Owing, however, to the difficulty of obtaining a sufficient quantity of 
raw material, due to the want of knowledge as to the best source 
from whence to procure it, the investigation had at the time to be 
abandoned, and was recommenced only lately. 

For some of the samples of kamala which I ultimately obtained, I 
am indebted to the kindness of Mr. T. Wardle, of Leek, but larger 
quantities have been recently procured from Messrs. Wright, egies 
and Umney, of London. 

A full account of the botanical nature of kamala is given in the 
Encyclopedia Britannica, and in the paper by Anderson on this 
subject (loc. cit.), and it will be sufficient to state here that it is 
used in India in dyeing silk a brilliant yellow colour, and also in 
medicine as a remedy for tenia, the dose being from 30 to 120 grains. 
According to Anderson, unadulterated kamala contains approxi- 
mately 3°49 per cent. of water, 78°19 per cent. of resinous colouring 
matter, 7:34 per cent. of albuminous matter, and 3:84 per cent. of 
ash. 

The only samples of kamala that I was able to obtain were all, 
highly adulterated with sand, and a reddish ferruginous earth, not 
visible to the naked eye, but readily discovered by elutriation with: 
water. A mixture of three commercial samples, all adulterated, 
gave on ignition 52°5 per cent. of ash, and by extraction with ether 
20°09 per cent. of resinous colouring matter. Two other samples 
gave respectively 56°4 per cent. and 40°4 per cent. of ash. 

Anderson found that the ethereal extract of kamala yielded three 
substances, namely, a crystalline compound. rottlerin, C,H,»O;, a 
wax, CH;,0,, and a resin, melting below 100°, to which he gave the 
formula CyH yO; Leube (Juhresherieht, 1860, 562), however, was 
unabie to obtain any crystalline product, but he describes a resin 
melting at 80°, having the formula C,;H,,O,, and a resin melting at 
191°, of the formula C,H,,0;. Oettingen (dissertation in the Russian 
language, St. Petersburg, 1862) also was unable to obtain any 
crystalline substance from kamala, a 
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In our paper (A. and W. Perkin, Ber., 19, 3109), we were, how. 
ever, able to confirm Anderson’s results in so far that we obtained a 
crystalline substance called by us ‘“ mallotoxin,” and identical with 
the rottlerin of Anderson, a result subsequently confirmed by Jawein 
( Ber., 20, 182). 


Summary of Results. 


When extracted with ether, kamala yields a dark, brownish, 
resinous product from which six distinct substances can be isolated. 
Five of these, namely, rottlerin, and a substance I have named iso. 
rottlerin, a wax, and two resins, one of high and the other of low 
melting point, form the principal constituents, but there is also 
present a trace of a yellow, crystalline, colouring matter. 

In order to readily isolate these substances, it was found preferable 
to extract the kamala in the first place with carbon bisulphide, as 
this does not dissolve isorottlerin and one of the resins, thus facili- 
tating the separation. 

Kamala contains also a minute amount of an. essential oil or similar 
substance, giving to it when gently warmed a peculiar odour, but 
from which it can be readily freed by treatment with steam. 

Rottlerin, the principal constituent of kamala, and which is ob- 
tained on concentrating the carbon bisulphide solution, erystallises in 
thin, salmon-coloured plates melting at 191—191°5°. Even when 
repeatedly recrystallised, it was never obtained yellow, as described 
by Anderson, and it is probable that Anderson’s preparation was 
contaminated with a trace of a yellow, crystalline substance which is 
present along with rottlerin in the first extractions, and will be 
described later on. 

When heated with caustic potash at 150°, it yields benzoic acid, 
acetic acid, and an amorphous substance; and when oxidised by 
means.of hydrogen peroxide in alkaline solution the same compounds 
are obtained. In this latter operation the formation of benzaldehyde 
can also be detected, and it seems probable that this is one of the 
earlier products of the oxidation. 

On treatment with cold nitric acid (sp. gr. 1°5), rottlerin yields, 
besides oxalic acid, two new acids melting at 282° and 226°, and 
having respectively the formule C,;H,,O,, and C,;H,.O,. These are 
readily separated by recrystallisation from alcohol. Boiling nitric 
acid of sp. gr. 15 decomposes rottlerin, forming oxalic acid and a 
bibasie acid of the formula C,;H,O,, melting at 232°, and yielding @ 
crystalline silver salt, C,,H,O,Ag». This acid is also obtained by the 
action of boiling nitric acid on the acids C,,H,O, and CyH,.0, 
mentioned above. These acids are not formed by the action of nitrie 
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acid of sp. gr. 1°42 alone, or diluted with water or glacial acetic acid ; 
bat oxalic acid, a resinous substance, and a small quantity of a crys- 
talline product, apparently benzoic acid, were obtained. 

When heated with acetic anhydride, rottlerin yields a diacetyl 
derivative of the formula C,,H,O;(C,H;0).. 

The molecular weight of rottlerin has not not yet been satisfac- 
torily determined, but from preliminary experiments made on the 
elevation of the boiling point of a chloroform solution in Beckmann’s 
apparatus it is evidently very high, probably about 485. Further ex- 
periments ov this point are in progress. 

The resin of low melting point mentioned on p. 985 gave, on 
analysis, numbers nearly in accordance with those obtained by 
Anderson, and agreeing with the formula C,,.H,,0;, and it is probable 
that his slightly higher figures are due to the contamination of his 
product with traces of other substances, as indeed he suggests is the 
case in his paper. This resin of low melting point resembles rottlerin, 
with which it is evidently closely allied in most of its properties, and, 
as its formula differs from that of rottlerin by CH), it was at first 
thought that it was a methyl ether of the latter, but this assumption 
was disposed of by a study of its behaviour with hydrogen iodide; 
in Zeisel’s apparatus, no trace of methyl iodide being obtained. The 
acid of the formula C,;H,O, above mentioned is obtained by treat- 
ing the resin of low melting point with boiling nitric acid, but on 
using cold nitric acid, no crystalline products could be isolated. 
When this resin is boiled with dilute alkalis, the characteristic odour 
of benzaldehyde is noticeable, and this is also the case when the 
cold alkaline solution is treated with hydrogen peroxide. 

The yellow crystalline colowring matter obtained in the first extrae- 
tions of kamala with carbon bisulphide is closely allied to rottlerin, 
bat is present in such mivate amount that sufficient could not be 
obtained for analysis. It forms a beautiful, glistening mass of yellow 
needles, and melts at 192—193°. 

The waz present in kamala gave, on analysis, numbers which are 
widely different from those obtained by Anderson, and it is therefore 
possible that the nature of the wax may differ in samples of kamala 
procured from different localities. The results obtained with the wax 
extracted by me gave as a mean C = 79°70 per cent., H = 12°86 per 
cent., agreeing with the formula C,,H;,0,. Anderson found carbon 
71 per cent., hydrogen 11°05 per cent., agreeing with the formula 
CxoH;,0, This wax is a colourless, apparently crystalline mass melt- 
ing at 82°, the melting point of cetylic cerotinate, with which it has 
many properties in common, and with which it may be identical in 
spite of a slight discrepancy between the analytical numbers found 
and those required by the formula of this substance. The residue 
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left on extracting the kamala with carbon bisulphide contains two 
sabstances, isorottlerin and a resin of higher melting point, both of 
which are readily extracted by treating the residue with ether. 

Isorottlerin crystallises in groups of minute plates melting at 
198—199°, and in its appearance greatly resembles rottlerin, from 
which, however, it is readily distinguished by being practically 
insoluble in carbon bisulphide, chloroform, and benzene, whereas 
rottlerin is comparatively soluble in these liquids. Again, hot 
alkaline solutions of rottlerin deposit resinous matter on boiling, 
and an odour of benzaldehyde can be detected, whereas in the case of 
isorottlerin no resinous matter separates, and there is no odour of 
benzaldehyde. By boiling with nitric acid (sp. gr. 1°5), a crystalline 
acid was obtained from isorottlerin identical with the acid of the 
formula C,3;H,.Os, before mentioned as being obtained from rottlerin. 

The resin of high melting point is a pale yellow, amorphous sub- 
stance of the formula C,;H,,0,, closely allied to rottlerin in many of 
its properties, and which also yields the acid of the formula C,,;H,,0, 
when boiled with nitric acid of sp. gr. 1°5. 

Kamala contains, moreover, a small quantity of a sugar, which is 
extracted from it by water, but all attempts to obtain this in a state 
of purity have been so far unsuccessful. 


EXPERIMENTAL Part. 


Extraction of Kamala with Carbon Bisulphide. 


In carrying out this operation, well-dried kamala is left in contact. 
with six times its bulk of cold carbon bisulphide during about 24 
hours, occasionally shaking; the dark red extract thus obtained is 
filtered, and the bulk of the carbon bisulphide distilled off. As the 
concentration proceeds, minute, brownish specks separate, which, 
under the microscope, are seen to have a distinctly crystalline appear- 
ance, and which, as soon as the, separation has ceased, are collected, 
washed with carbon bisulphide, and dried. 

The product from this first extraction, which constitutes “crude 
rottlerin,” contains a small quantity of a yellowish, crystalline sub- 
stance which is not present in the crude rottlerin obtained in subse- 
quent extractions. 

The filtrate from the crystals, after a time, deposits a gelatinous 
substance, which, on crystallisation from carbon bisulphide, yields a 
further quantity of crude rottlerin. This is again filtered off, the 
filtrate concentrated until it has the consistency of thin treacle, then 
strained through glass wool to remove the last traces of rottlerin, 
and evaporated nearly to dryness. The dark red, resinous product is 
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next treated with excess of methyl alcohol, which precipitates a wax- 
like substance; this is collected, washed with a little methyl alcohol, 
drained on a porous plate, and in this condition constitutes the crude 
waz. The resin of low melting point is obtained by evaporating the 
filtrate to dryness. 

The residue left after extraction with cold carbon bisulphide is 
digested during about an hour with a large quantity of boiling carbon 
bisulphide, and the dark red liquid filtered off. On standing, this 
becomes thick, owing to the separation of a large quantity of gelatin. 
eus matter; this was found to consist chiefly of crude rottlerin, 
and, during the subsequent concentration of the carbon bisulphide 
solution, gradually becomes crystalline, and is separated by filtration. 
It is from this extract that the largest quantity of “ crude rottlerin ” 
is obtained. The filtrate from these crystals contains wax, and the 
resin of low melting point, which may be isolated as before de- 
scribed. 

The extraction of the residue with boiling carbon bisulpbide is 
repeated several times, until the extract becomes nearly colourless. 
From these a gradually decreasing quantity of rottlerin is obtained 
by the methods given above. 


Rottlerin. 


As already mentioned, the rottlerin obtained from the cold carbon 
bisulphide extract of kamala contains besides this substance a small 
quantity of a yellow compound. As the latter is less soluble in 
toluene than rottlerin, it is easily removed by recrystallisation from 
this solvent, and will be referred to Jater on. The crude rottlerin 
obtained from the hot carbon bisulphide extract is a pale salmon- 
coloured, friable mass, and is in a purer condition. It is readily 
purified by two or three crystallisations from chloroform, which re- 
moves a small quantity of a sparingly soluble substance, and. lastly, 
crystallisation from toluene with the aid of a little animal charcoal. 

Analysis gave the following results. 


0'1580 gave 0°4003 CO, and 00775 H,O. C = 69:09; H =. 5°45. 
01267 ,, 0°3230 CO, and 0:0620 H,O. C = 69°52; H = 5°43. 
C,H OO; requires C = 69°47; H = 5°26 per cent. 
C,sH.0; ” C= 69°23 ; H = 5:12 ” 


Rottlerin is a pale, flesh-coloured, glistening mass consisting of. 
slender, transparent plates, which are very soluble in cold ether, but 
uly sparingly in carbon bisulphide or glacial acetic acid. It 
erystallises beautifully from acetic acid in groups of flat needles ; but 
on continued boiling of the solution it undergoes change, what is 
probably an acetyl derivative being formed. Chloroform, toluene, 
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and benzene are the best media to crystallise rottlerin from ; solvents 
of higher boiling point could not be used, as they appeared to exert a 
slight decomposing action. 

Rottlerin melts at 191—191°5°, forming a reddish-brown liquid, 
which on strongly heating becomes carbonised, a white vapour being 
evolved ; this has a pungent acrid smell, and condenses to a thick, 
brown oil, which does not solidify even after long stauding. On dis- 
tillation with zine-dust, it yields a small quantity of an aromatic oil, 
and when heated with soda-lime an oil having the characteristic 
odour of dibenzyl] is obtained. It is intended to further mvestigate 
these decompositions. A boiling alcoholic solution of rottlerin con- 
taining a trace of acid’ or alkali is readily decolorised by zinc-dust, 
and the colourless reduction product thus produced gives a dark, 
violet-green coloration with ferric chloride in alcoholic solution. 

Cold concentrated sulphurie acid dissolves rottlerin, forming an 
orange-coloured solution, and from this, on adding water, a light- 
coloured, gelatinous precipitate is thrown down, consisting of a new 
product, which has not so far been obtained in a crystalline con- 
dition. If chromic anhydride be added to a glacial acetic acid solu- 
tion of rottlerin, a greenish, amorphous precipitate is at once deposited, 
which is evidently the chromium compound of an oxidised product. 
Rottlerin is readily attacked by a cold solution of bromine in carbon 
bisulphide, hydrogen bromide being evolved. Solutions of the alkali 
carbonates and hydrates dissolve rottlerin, the former only on gently 
warming. On boiling the orange-coloured solutions so produced, 
decomposition gradually takes place, an odour of benzaldehyde being 
evolved, and a resinous product separating; this may be extracted 
from the alkaline mixture by means of ether. The extract, on evapor- 
ation, leaves a resinous mass, which resists all attempts to obtain it 
in a crystalline condition. An alcoholic solution of rottlerin is 
coloured brown on the addition of ferric chloride. 


Action of Acetic Anhydride on Rottlerin. 


Boiling acetic anhydride dissolves rottlerin somewhat sparingly, 
and if the solution be at once rapidly cooled, it crystallises out 
unchanged. If, on the other hand, the solution be allowed to cool 
gradualiy, nothing separates, the rottlerin being converted into 
more soluble compound. 

A solution of rottlerin in acetic anhydride, having been boiled for 
a few minutes, was evaporated in the oil-bath to a small bulk, and 
poured into water. The yellowish, resinous precipitate produced was 
collected, washed with water, and purified by two or three crystal- 
lisations from methy! alcohol. 
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The following analyses were made with two distinct preparations 
of this substance. 


0°1778 gave 0°4265 CO, and 00854 H,O. C = 65°42; H = 5°33. 
01582 ,, 03785 CO, and 00757 H,O. C = 65°25; H = 5°32. 
C,sHyOs or C,,H,0,C,H;0). requires C = 65°69 H H = 511 per cent. 


As thus obtained, this compound, probably acetylrottlerin, is a 
yellowish, crystalline powder, which softens at 100°, and melts at 
130—135°. It is easily soluble in hot methyl alcohol and in ether, 
buat is not dissolved by cold alkaline solutions. On boiling with 
alcoholic potash, it is decomposed, yielding an orange-red solution, 
from which, after dilution with water, acids throw down a salmon- 
coloured precipitate. 


Decomposition of Rottlerin with Fused Alkalis. 


To 50 grams of potash melted with a little water and heated to 
150°, 5 grams of finely powdered rottlerin were gradually added. 
The brown solution which was at first formed soon began to froth, 
but on continued heating the froth gradually subsided, and the liquid 
became lighter in colour. At the end of half an hour, the mass was 
poured into water, the solution filtered from some resinous matter, 
and the filtrate acidified and extracted with ether. On evaporating 
the ethereal extract, a light brownish, viscid residue was obtained, 
having a distinct odour of acetic acid ; this after some hours gradually 
became crystalline. It was then treated with a little boiling water, 
filtered, and the almost colourless, crystalline substance which separ- 
ated on cooling further purified by two recrystallisations mate water, 
using animal charcoal. 

The colourless, glistening needles thus obtained melted at 121°, 
sublimed unchanged at higher temperatures, and had all the pro- 
perties of benzoic acid. As the quantity obtained was very small, it 
was converted into its silver salt, and analysed with the following 
result. 

0:0745 gave 0:0990 CO,, 0°0167 H,0, and 00354 Ag. C = 36:24; 

H = 2.49; Ag = 47°51. 
C,H,COOAg requires C = 36°68; H = 2°18; Ag = 47°16 per cent. 

It was therefore silver benzoate. 

In order to ascertain whether acetic acid was formed in this de- 
composition, the aqueous mother liquors were distilled with steam, the 
distillate neutralised with barium carbonate, filtered and evaporated 
to a small bulk. Silver nitrate added to this solation precipitated 
the silver salt, which was collected, washed with water, dried over 
sulphuric acid, and analysed with the following result. 
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0°3593 on ignition gave 0°2328-Ag. Ag = 64°79. 
CH,COOAg requires Ag = 64°66 per cent. 


This substunce was therefore silver acetate. 


Oxidation of Rottlerin by Hydrogen Peroxide. 


5 grams of rottlerin were dissolved in a litre of very dilute caustic 
soda, and 200 c.c. of commercial hydrogen peroxide added in small 
quantities at a time; this caused the orange coloured liquid gradually 
to become darker, until finally it acquired a blackish-brown tint; at 
the same time an odonr of benzaldehyde was noticeable. The liquid 
was then gently heated, until it became pale yellow, when it was 
neutralised with acid, and extracted two or three times with ether. 
The ethereal extract, on evaporation, left a pale brown, gummy 
residue, having a strong odour of acetic acid and benzaldehyde, and 
which, after standing during several hours, became partly crystalline. 
In order to separate the various constituents of this product, it was 
distilled with steam, the distillate extracted with ether, and the 
colourless, crystalline residue left on evaporating the ether purified 
from a small quantity of oily matter by crystallisation first from 
light petroleum and finally from water. It was thus obtained in 
glistening needles, melted at 121°, sublimed unchanged at higher 
temperatures, and had all the properties of: benzoic acid. Sufficient 
was not obtained for analysis, as the principal product consisted of a 
brown, resinous, uncrystallisable substance, which was evidently 
similar in nature to the resin obtained during the fusion of rottlerin 
with caustic alkali. As stated in the introduction, the strong odour 
of benzaldehyde produced during the oxidation of rottlerin leaves 
little doubt that it is one of the first products of the action, being 
subsequently transformed into benzoic acid. 

The aqueous liquors obtained during the purification of the benzoic 
acid contained large quantities of acetic acid, and as its presence 
seemed to admit of so little doubt, no attempts were made to obtain 
it in a condition suitable for analysis. 


The Action of Nitric acid on Rottlerin. 


When rottlerin is added to fuming nitric acid of sp. gr. 1:5, an 
energetic action takes place, and a brown solution is formed, whicli, 
on treatment with water, deposits a yellowish, resinous mass. Nitric 
acid: (sp. gr. 1°42) alone, or diluted with water or acetic acid, acts less 
violently, but in a similar manner. From this product, no definite 
substance could be isolated by crystallisation, but when extracted 
with ether, the ethereal solution evaporated, and the residue distilled 
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with steam, a small quantity of a colourless, crystalline substance, 
apparently benzoic acid, was isolated. The quantity produced, how- 
ever, was far too small to admit of its proper identification. 

When rottlerin is acted on by warm fuming nitric acid of sp. gr. 1°5, 
torrents of red fumes are evolved, and if the greater part of the 
nitric acid is rapidly distilled off, the residue, on cooling, sets to a 
semi-solid, crystalline mass. This was drained on a porous plate and 
recrystallised from nitric acid of sp. gr. 1°42, to remove a small quantity 
of resinous matter adhering to it, collected, washed with water, and 
finally purified ‘by crystallisation from benzene. It was found to 
be free from nitrogen 

Analysis gave the following result. 


0°1003 gave 0°1845 CO, and 0:0318 H,O. C = 50:16; H = 3°52, 
C,;H,O, requires C = 50°32; H = 3:20 per cent. 


This new substance crystallises from benzene in beautiful, thin, 
glittering plates, melting at 232°, and subliming at higher tempera- 
tures without undergoing decomposition. It is a strong acid; dis- 
solving in solutions of sodium or potassium carbonates, and forming 
crystalline salts. From the ammonium salt, which crystallises in 
colourless plates, the silver salt is readily obtained, by the addition 
of silver nitrate, as a curdy, white precipitate, which under the 
microscope is seen to consist of minute, transparent needles; on 
ignition, it is decomposed without the production of a crystalline 
sublimate. 

On analysis the following numbers were obtained. 


_ 01869 gave 0°2066 CO,, 0:0294 H,O, and 0:0767 Ag. C = 30°14; 
H= 1°74; Ag = 41°04. 
C,;H,O,,Ag, requires C = 29°77; H = 152; Ag = 41:22 percent. 


The acid is therefore bibasic. It is sparingly soluble in benzene, 
moderately soluble in ordinary nitric acid and acetic acid, and readily 
soluble in alcohol. The yield obtained is very small. 

Considerable quantities of oxalic acid are,also formed. | 


Action of Cold Concentrated Nitric acid on Rottlerin, 


Finely powdered rottlerin was added in small quantities at a time 
to cold nitric acid of sp. gr. 1°5, care being taken to avoid any rise of 
temperature. After some quantity had been added, minute crystals 


-commenced to appear in the ‘solution, and these rapidly increased in 


amount until the liquid had assumed a pasty consistency. The 


-erysialline product was then collected upon a glass wool filter, the 


operation being performed as quickly as possible, as if the excess of 
nitric acid be not at once removed, the mixture gets hot, nitrous 
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fumes are evolved, and the yield of substance is greatly diminished, 
The nitric acid mother liquors were sarrounded with cold water, 
placed under a bell jar, and the crystalline matter which gradually 
separated collected in a similar manner. After draining on a porons 
plate, the nearly colourless, crystalline mass was washed with a little 
ether and crystallised two or three times from alcohol with the aid 
of animal charcoal. 

The alcoholic mother liquors from the puritication of this substance 
were set aside for further examination. 

On analysis, the following numbers were obtained. 


0°1233 gave 0°2557 CO, and 0°0445 H,O. C = 5655; H = 401. 
071021 ,, 02119 CO, and 0:0387 H,O. C = 5660; H = 423, 
C,,H,,0, requires C = 56°8; H = 3°8 per cent. 


By crystallisation from alcohol, it was obtained in colourless 
needles melting at 282° and subliming at slightly higher temperatures, 
but undergoing partial decomposition. The sublimed substance also 
melted at 282°. It is almost insoluble in benzene, sparingly soluble in 
methyl alcoho] and ether, more readily in alcohol and acetic acid ; the 
analysis of the silver salt given below shows the acid to be bibasic; 
it dissolves in solutions of sodium and potassium carbonates yielding 
colourless salts. From the ammonium salt, which crystallises in 
colourless plates, the silver salt was cbtained as a curdy, white precipi- 
tate, on adding silver nitrate. 

02117 gave 0°2275 CO,, 0°0402 H,O, and 0°0773 Ag. C = 35°69; 


H = 2°11; Ag = 3651. 
C,,H,O,Ag, requires C = 35°41; H = 2:08; Ag = 37°50 per cent. 


When strongly heated, this silver salt is decomposed with some 
violence, a portion of the acid subliming, which accounts for the 
somewhat low percentage of silver obtained. On dissolving it in 
nitric acid of sp. gr. 1°5, and rapidly evaporating the solution to a small 
bulk, a crystalline product was obtained which, after recrystallisation 
from nitric acid of sp. gr. 1°42, formed a glistening mass of thin plates 
melting at 232°, and subliming without undergoing decomposition. 
It was evidently identical with the acid of the formula C,;H,O,, ob- 
tained by the action of boiling nitric acid on rottlerin, 


The alcoholic mother liquors obtained in the purification of the 
acid C,,H,,O,, when mixed with much hot water and then cooled, 
deposited a small quantity of crystals; which by fractional crystal- 
lisation from alcohol were easily separated into two substances, 
namely, the acid Cy,H,O,, melting at 282°, described above, and a 
new acid very soluble in alcohol. The latter was further purified by 
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crystallisation from methyl alcohol and analysed with the following 


result. 
0:0885 gave 0°1818 CO, and 0°0326 H,O. C= 56:02; H = 4°09, 
C,,H,O, requires C = 56°04; H = 4°39 per cent. 

Various small preparations of this acid all melted at 226°, subliming 
at higher temperatures, undergoing partial carbonisation, but much 
less readily than the acid of the formula C,,H,O,. It crystallises 
from methyl alcohol in groups of small, colourless needles very 
soluble in acetic acid, moderately so in ether. Solutions of alkali 
carbonates dissolve it, forming colourless solutions of the correspond- 
ing salts, but the quantity obtained was too small to allow of a de- 
termination of its basicity. Boiling nitric acid of sp. gr. 15 converts 
it into the acid of the formula C,;Hy»O,, obtained by the action of 
boiling nitric acid on rottlerin. As the acid of the formula C,;,H,.O, 
differs from that of the formula C,,H,O, by 2H, it is evidently an 
earlier product of the oxidation of rottlerin, and should be converted 
into the latter by further treatment with cold nitric acid. It is pro- 
posed to determine by experiment whether this is the case. 


The Resin of Low Melting Point. 


The resin of low melting point consisted of a brittle, transparent, 


dark-red mass melting below 100°, which resisted all attempts to 
obtain it in a crystalline condition. In its crude state, it contained 
traces of wax and essential oil, the removal of. which was found to be 
best effected in the following manner. 

The powdered mass was dissolved in very dilute solution of caustic 
soda, the dark orange-coloured solution freed from wax and oil by 
repeated extraction with ether, and then treated with baryta water. 
After removal of a slight reddish precipitate so formed, hydro- 
chloric acid threw down from the solution yellow flocks of the resin, 
which were taken up by ether; the ethereal solution was then 
evaporated, and the residue dried at 110° till constant. Analyses of 
different preparations gave the following results. 


0°1320 gave 0°3427 CO, and 0:0748 H,O. C= 70°80; H = 6°29. 
01227 ,, 03191 CO, (H,O lost). C= 70°92. 
C..H,,0; requires C = 70°59; H = 5°88 per cent. 

An examination of the above figures shows that the formula of 
this substance differs from that of rottlerin by CH, and though in- 
vestigation proved the absence-of a methoxy-group, it is still possible 
that it may represent a methylrottlerin. 

It is very soluble in carbon bisulphide, ether, and chloroform, and 
moderately so in glacial acetic acid and benzene, but only sparingly 
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in methyl alcohol, from a hot solution of which it is deposited in 
resinous globules. Cold concentrated sulphuric acid dissolves it, 
forming an orange-coloured solution from which water precipitates 
orange flocks of a new substance melting considerably above 100°. 
The behaviour of this resin when treated with solutions of the alkalis 
is similar to that of rottlerin, the odour of benzaldehyde being also 
apparent in this case. The alkaline or acid soiutions of the resin 
are readily reduced by zine dust, yielding a colourless compound. 
When it is treated with hydrogen peroxide in alkaline solution, 
phenomena are observed similar to those obtained with rottlerin, a 
small quantity of an acid similar to benzoic acid being produced, 
but not in quantity sufficient for identification. When acted on by 
cold nitric acid of sp. gr. 1°5, no crystalline product was obtained, but it 
was violently attacked by the boiling acid, and after evaporating the 
solution to a small bulk, it solidified on cooling to a crystalline mass. 
This, after draining on a porous plate, was purified by crystallisation 
from ordinary nitric acid, and from benzene, and analysed with the 
following result. 


0°1083 gave 0°1992 CO, and 0:0345 H,O. C =50°16; H= 3°53. 
C,3H»O, requires C = 50°32; H = 3:20 per cent. 


The acid was thus obtained as a colourless glistening mass of thin 
plates, melting at 232°, subliming without undergoing decomposition, 
and having all the properties of the acid C,;H»O;, obtained in a 
similar manner from rottlerin. The acid mother liquors from the 
preparation of this substance were found to contain oxalic acid. 


The Yellow, Crystalline Colouring Matter. 


As previously mentioned, this substance is found to a very small 
extent in that portion of rottlerin which is extracted from kamala by 
means of cold carbon bisulphide, and from which it is readily 
separated by means of its comparative insolubility in benzene or 
toluene. It was at first thought that it might be some extraneous 
impurity added to it accidentally during the transport or storing, but, 
after careful examination, it has been found in three samples of the 
drug obtained from different sources, and is most probably contained 
in the minute, hair-like fibres which are easily observed in kamala. 
As there is so little of this substance, it dissolves completely during 
the first carbon bisulphide extraction, notwithstanding its comparative 
insolubility, and no traces of it were ever obtained from the later 
extractions. 

The amount present in kumala is so minute that from 1 kiio. of this 
dye stuff scarcely 0'l gram was obtained, and as yet the qaaty 
collected is insufficient for analysis. 
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It was purified by crystallisation from toluene, with the aid of 
animal charcoal, and was deposited from the hot solution on cooling 
as a beautiful glistening mass of pale-yellow needles melting at 
192—193°. At higher temperatures, it is carbonised, giving off a white 
vapour having a peculiar irritating odour similar to that which is so 
characteristic of rottlerin. In its behaviour with caustic alkalis, 
sulphuric acid, and also under the influence of reducing agents, it 
shows a behaviour similar to that of rottlerin, proving without doubt 
that these two substances are very closely allied. It differs, how- 
ever, from rottlerin in its behaviour with solvents, being much 
less soluble in toluene, chloroform, and acetic acid. When boiled 
with cumene, it is decomposed ; solvents of very high boiling point 
cannot, therefore, be used in its purification. 

Experiments are now being carried on with larger quantities of 
kamala, and it is hoped that by this means sufficient of this yellow 
substance will be obtained for analysis. 


The Waz. 


This, in its crude condition, consisted of a reddish, somewhat 
brittle mass, coloured by traces of the resin of low melting point. 
It was best purified by extraction, first with small quantities of 
methyl alcohol, which removed the colouring matter, and crystallisa- 
tion of the residue several times from acetic acid, and finally from 
light petroleum. Analyses of different preparations gave the follow- 
ing numbers. 

0:1225 gave 0°3592 CO, and 0'1405 H,O. C = 79°96; H = 12°74, 

00990 ,, 02895 CO, and 01164 H,O. C = 79°74; H = 13:04. 

C.,H,O, requires C = 79°62; H = 12°79 per cent. 


In a third preparation, the use of acetic acid was avoided, the 
substance being crystallised several times from methyl alcohol. 
0'1075 gave 0°3129 CO, and 01236 H,O. C = 79°38; H = 12°76. 
C.,H,,0, requires C = 79°62; H = 12°79 per cent. 


This wax is a colourless, somewhat brittle mass, melting at 82° to 
a slightly brownish liquid, which, when strongly heated, evolves the 
characteristic smell of heated wax. From hot solutions of most 
solvents, it is deposited on cooling as a gelatinous mass, which, on 
drying gradually, shrivels up to minute specks. From ether and 
light petroleum, however, it can be obtained in an indistinct crys- 
talline form, and hot glacial acetic acid deposits it, on cooling, in 
microscopic, waxy plates. 

The composition of this substance does not accord with that of any 
wax at present known, but the small quantity of pure product obtain- 

3x2 


988 PERKIN: THE CONSTITUENTS 


able has not allowed of any extended investigation of its properties. 
It may, perhaps, consist of a slightly impure cetyl cerotinate, 
Cs,Ho.0., which melts at 82°, and requires carbon 82°23 per cent. 
and hydrogen 13:70 per cent. Fractional crystallisation of this 
kamala wax from alcohol or acetic acid did not appear to cause a 
separation into different products, as in all cases the various fractions 
melted at 82°, and, therefore, if this substance be a mixture, other 
methods of separation must be resorted to, 


The Ethereal Extract of Kamala. Isorottlerin. 


The residue of kamala, which had been thoroughly extracted with 
carbon bisulphide was digested with ether repeatedly, and the com- 
bined extracts evaporated to a small bulk. About six times its 
volume of chloroform was now added, causing the formation of a 
small quantity of a yellow, resinous precipitate, which was collected, 
the filtrate distilled down to one-third its bulk, and set aside to cool. 
lt gradually deposited a reddish, sandy, crystalline precipitate, which 
was collected and washed with chloroform until the washings became 
colourless. The mother liquors were preserved for further examina- 
tion. 

For purification, the product was redissolved in ether, chloroform 
added, and the liquid slowly distilled down. As the evaporation 
proceeded, minute crystals gradually separated, and these were col- 
lected and washed with chloroform, and the operation repeated. 

Tsorottlerin was thus obtained as a salmon-coloured, glistening mass 
of crystals, which became highly electrical when powdered, and 
resembled rottlerin very closely in appearance. So much was this 
the case, that in the earlier experiments it was believed to consist of 
impure rottlerin and placed aside, the resin of high melting point 
which accompanies it being at the time only examined, but it was 
ultimately found that this substance was distinct from rottlerin. 

Analysis gave the following numbers. 


0°1380 gave 0°3082 CO, and 0°0596 H,O. C = 60°90; H = 4°79. 

01303 ,, 0°2915 CO, (H,0 lost). C = 61°02. 

C..H,,0, requires C = 61:00; H = 5:08 per cent. 

From a mixture of ether and chloroform, which 1s the best medium 
from which to crystallise it, it is deposited as transparent, rounded 
plates, melting at 198—199° and decomposing at higher temperatures, 
an acrid vapour being evolved. It is practically insoluble in hot 
benzene, carbon bisulphide, and chloroform, sparingly soluble in 
ether and cumene. Cold solutions of the alkali hydrates and boiling 
solutions of the alkali carbonates dissolve it readily, forming 
orange-red liquids much darker in colour than the corresponding 
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solutions from rottlerin, from which they are also readily distinguished 
by the non-separation of resinous matter, even on long boiling, and 
the entire absence of the odour of benzaldehyde, which is always 
produced when alkaline solutions of rottlerin are treated in a similar 
manner. The addition of acid to the alkaline solution causes the 
precipitation of brownish-red flocks, which do not congeal to a 
sticky mass, as in the case of rottlerin, and apparently consists of the 
unchanged substance. Isorottlerin is readily reduced by zinc dust in 
acetic acid solution to a colourless compound, but the same change is 
not produced by alkaline reducing agents, the orange-red solution 
becoming only faintly lighter in colour. Ferric chloride gives a 
brownish-black coloration with isorottlerin in alcoholic solution. Cold 
nitric acid of sp. gr. 1°5 readily attacks it, and the brown-orange 
coloured solution so formed, on treatment with water, deposits a 
pale yellow precipitate. A solution in boiling nitric acid, when 
rapidly evaporated, left a crystalline residue, from which, after puri- 
fication, a colourless mass of thin plates was obtained which melted 
at 232°, and were evidently identical with the acid of the formula 
C,sH,O., obtained in a similar manner from rottlerin. Attempts to 
prepare the acids C,,H,,O, and C,;H,,O, by means of cold nitric acid 
were unsuccessful, but as these experiments could only be carried out 
with small quantities of material, no great importance can be 
attached to the want of success. 


The Resin of High Melting Point. 


The mother liquors from the preparation of isorottlerin contained, 
besides traces of this substance, a large amount of resinous product 
very soluble in ether, but almost insoluble in carbon bisulphide. In 
order to isolate this resin, the residue after the evaporation of the 
chloroform was powdered and extracted with boiling benzene. These 
extracts, on cooling, deposited a gelatinous, sticky product, consisting 
of the resinous matter mixed with traces of isorottlerin, which was 
placed on one side for further treatment. 

The addition of light petroleum to the filtrate threw down a pale 
yellow, amorphous precipitate, which was collected, well washed with 
light petroleum, dried, extracted with benzene, and again treated as 
before. 

Analyses of distinct preparations gave the following numbers. 

0°1288 gave 3180 CO, and 0:0628 H,O. C = 67°33; H = 5°41. 

01173 ,, 0:2894 CO, and 0°0577 H,O. C = 67:28; H = 5-46. 

C,3H),0, requires C = 67:24; H = 5°17 per cent. 


This resin is a pale straw-coloured, amorphous mass, very soluble 
in alcohol and acetic acid, moderately so in benzene and toluene, 
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When heated in a capillary tube, it commences to darken at 120°, and 
congeals to dark, resinous globules at about 150°. Caustic and 
carbonated alkalis act on it much as they do on rottlerin, forming deep 
orange-coloured solutions, whtich are decomposed on boiling, evolving 
an odour of benzaldehyde, and are decolorised by zinc-dust. If it is dis- 
solved in boiling nitric acid of sp. gr. 1°5 and the solution is evaporated, 
the residue yields crystals melting at 232°, and identical with the 
acid C,3H Qs. 


The Sugar, 


As stated in the introduction, kamala evidently contains a small 
quantity of a sugar, perhaps originally existing in combination as a 
glucoside. Owing, however, to the presence in the drug of both 
mineral and organic substances readily soluble in boiling water, it 
has not been found possible up to the present to devise a satisfactory 
method for its purification. 

On boiling kamala with water, a somewhat dark-coloured extract is 
obtained, which can be clarified to some extent by treatment with 
sulphuric acid, neutralisation with carbonate of lead, filtration, and 


removal of any lead from the filtrate by means of hydrogen sulphide. . 


By carefully evaporating the liquid, a very hygroscopic, light brown, 
viscid mass is obtained, having a faint, treacle-like taste, a sulution of 
which readily reduces Fehling’s solution. 

The experiments on this sugar are about to be repeated, starting, 
if possible, from an unadulterated sample of kamala. 

An extended series of dyeing experiments with kamala, and also 
a comparison of the dyeing properties of the various colouring 
matters obtained from it and described here, are now being carried 
out in the Dyeing Department of the Yorkshire College. 

It is my intention to continue the study of kamala, and to carefully 
investigate the various new products described in this paper. I 
am also commencing an investigation on the purplish drug called 
“waras” or “wurus,” the fruit glands of Flemingia gralannava 
(Zcongesta Zrhodocarpe), which I believe to contain products closely 
allied to rottlerin. 


Clothworkers’ Research Laboratory, 
Dyeing Department, 
Yorkshire College, Leeds. 
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LX1X.—Contributions to our Knowledge of the Aconite Alkaloids. 
Part VI. Conversion of Aconitine into Isaconitine. 


By Wyrnonam R. Dunstan, M.A., F.R.S., and Francis H. Carr, 
Assistant in the Research Laboratory of the Pharmaceutical Society. 


In Part IV of these Contributions (this vol., 443), an account 
was given of a new alkaloid, isaconitine, which occurs along with 
aconitine in Aconitum Napellus. These two alkaloids were shown to 
be isomerides, and to furnish, when hydrolysed, the same products, 
namely, aconine and benzoic acid. 

We have since attempted to gain some information with reference 
to the nature of this isomerism, and are now able to show that under 
certain conditions aconitine changes into isaconitine. In experi- 
ments made with aconitine hydrobromide, it was observed that after 
the salt had been several times recrystallised from hot aqueous solu- 
tions, it underwent modification in respect of certain properties, and 
in particular exhibited a higher and higher melting point as the 
recrystallisation was repeated. The form of the crystals became like 
that of isaconitine hydrobromide, and they separated in the same 
characteristic manner from a hot solution during evaporation. 

In order to prove that aconitine hydrobromide undergoes, when 
heated in aqueous solution, a gradual conversion into isaconitine 
hydrobromide, the following experiments were made. 

Pure crystalline aconitine (m. p. 188—189° corr.), prepared by: 
fractional precipitation of the hydrobromide with dilute ammonia, 
the first fraction being crystallised from ether, was converted 
into the hydrobromide by dissolving it in cold dilute hydrobromic 
acid, and evaporating the aqueous solution in a vacuous desiccator 
over sulphuric acid. The crystals thus obtained melted at 163° 
(corr.), the melting point of the pure salt (Part II). They were 
dissolved in water, and the concentrated aqueous solution heated in 
an open dish on the water-bath for one week, the water lost by 
evaporation being replaced from time to time. In order to separate 
aconitine from any isaconitine that might have been formed, the 
aqueous solution was partially precipitated with dilute ammonia, 
and the alkaloid extracted by shaking with ether. The ethereal 
solution when spontaneously evaporated left a crystalline residue, 
showing that it consisted chiefly of aconitine. The original aqueous 
solution was further precipitated, but not entirely, with dilute 
ammonia, and the liberated alkaloid again extracted by ether. The 
ethereal residue was again crystalline. The remainder of the 
original solution was now mixed with excess of dilute ammonia, and 
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the alkaloid completely removed by repeated extraction with ether. 
This last ethereal solution did not leave a crystalline residue when 
spontaneously evaporated, although its physiological action proved 
that it contained aconitine. This residue was dissolved in dilute 
hydrobromic acid, and the neutral solution evaporated on the water- 
bath with constant stirring. The crystalline crust which separated was 
recrystallised from water. The crystals, which resembled isacon- 
jtine hydrobromide in appearance, melted at 281°2° (corr.). The 
melting point of isaconitine hydrobromide is 282° (Part IV). 
The base regenerated from this salt was amorphous, and resembled 
isaconitine. Its salts were very bitter, but produced no tingling 
sensation. Jn order to completely establish the identity of this 
alkaloid with isaconitine, it was converted into hydrochloride, and 
precipitated with auric chloride. A copious, yellow, amorphous 
precipitate was produced. It has previously been shown (Part IV) 
that both aconitine and isaconitine furnish the amorphous pre- 
cipitate, but whilst the aconitine compound crystallises from its 
alcoholic solution as the yellow aurichloride, the isaconitine com- 
pound furnishes on crystallisation, not an aurichloride, but a colour- 
less aurichlor-derivative. The precipitate was dissolved in alcohol, 
and the alccholic solution mixed with ether, and then with light 
petroleom. On standing in a stoppered bottle, the small, colourless, 
characteristic crystals of aurichlorisaconitine made their appear- 
ance. These melted at the proper temperature, namely, 2043° 
(corr.). A determination of the gold gave 21°24 per cent.; that 
calculated for C;;H,3(AuCl,) NO, is 21°44 per cent. 

Farther experiments proved that the conversion occurs more readily 
when about 2 per cent. of free hydrobromic acid is present in the 
hot saturated rolution of aconitine hydrobromide, and that the 
change may be somewhat hastened by heating the liquid for 
24 hours in a closed tube at 110—115°. By working in this way 
and regenerating the alkaloid in the manner above described, rather 
more than 35 per cent. of the aconitine may be obtained as is- 
aconitine. In an experiment in which 2 grams of aconitine were 
employed, and the saturated acidified solution of the hydrobromide 
was continuously heated for one month in an open dish on the 
water-bath, nearly 75 per cent. of the alkaloid was obtained as 
isaconitine. 

The conversion could not be effected by stirring strong aqueous 
hydrobromic acid into a strong solution of aconitine hydrobromide. 
After several repetitions of this process of precipitation, the 
aconitine still remained unchanged. Neither did heating the solu- 
tion of aconitine hydrobromide with strong aqueous hydrobromic 
acid answer well; most of the aconitine underwent hydrolysis into 
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aconine, and very little isaconitine could be isolated. The passage 
of dry hydrogen chloride into a solution of aconitine hydrochloride 
in chloroform did not lead to the production of isaconitine, neither 
did the aqueous hydrochloride nor hy driodide of aconitine exhibit the 
same readiness to change into isaconitine as the hydrobromide. 

Aconitine nitrate showed no tendency to change into isaconitine, 
even when its aqueous solution was warmed with dilute nitric acid. 
Experiments were also made with sulphuric acid. Aconitine was 
dissolved, in small quantities at a time, in well cooled, concen- 
trated sulphuric acid, and the solution allowed to stand for some 
time at 15°. On pouring the solution into ice-cold water, and 
regenerating the alkaloid in the usual way, no isaconitine was 
obtained, but apparently the aconitine had been almost entirely hydro- 
lysed. Trials were also made with aconitine sulphate, which was 
heated in aqueous solution for some hours on the water-bath in 
presence of about 1 per cent. of sulphuric acid, but no isaconitine 
was formed. 

Glacial acetic acid produces little or no effect on aconitine, even 
when the alkaloid is heated with the acid for some hours at 100°. 
When, however, the experiment is made in a closed tube at 120°, 
and the heating is continued for about 24 hours, the aconitine is 
almost entirely converted into anhydroaconitine, but not a trace of 
isaconitine could be detected. Strong aqueous tartaric acid under 
similar conditions leads to the same result. 

Since it seemed probable that in the hydrolysis of aconitine, not 
only by acid but also by alkali, this alkaloid first changes into 
isaconitine, careful search was made for.isaconitine in the initial 
stages of the hydrolysis of aconitine by soda. Solutions of aconitine 
hydrochloride were precipitated by an excess of strong soda solu- 
tion, and the mixtures well shaken for some hours and then 
allowed to stand for several days at the ordinary temperature. 
The precipitate slowly dissolved with formation of aconine, but no 
isaconitine has so far been obtained under these conditions. As 
isaconitine is itself readily hydrolysed by alkali, it is not to be 
expected that its actual isolation would be easy to accomplish. 
The conversion of aconitine into isaconitine under the conditions we 
have described, and the circumstance that no conversion occurs when 
aconitine is brought in contact with dry hydrogen chloride, strong 
aqueous hydrobromic acid, sulphuric acid, or acetic acid, has also 
suggested the possibility of the isaconitine taking its origin in a reac- 
tion between aconine and benzoic acid, previously formed by the 
hydrolysis of some of the aconitine; the reaction between the 
aconine and benzoic acid being facilitated by the presence of dilute 
hydrobromic acid. So far, however, we have not been able to obtain 


‘DUNSTAN AND JOWETT: 


confirmation of this suggestion as to the mechanism of the change. 
Although numerous experiments have been made with benzoic acid 
and aconine, we have not yet succeeded in forming isaconitine from 
them ; these experiments are being continued. 

The fact that an aqueous solution of aconitine hydrobromide, when 
heated slowly, undergoes conversion into the isaconitine salt must 
be borne in mind in connection with the purification of aconitine by 
conversion into this salt, and crystallisation of it from water. Under 
ordinary circumstances, when a neutral aqaeous solution is employed, 
and this is not heated for long at one time, the risk of conversion is 
not great. Prolonged heating of an acid solution of aconitine hydro- 
bromide should be carefuliy avoided in any process which is being 
conducted for the purpose of obtaining aconitine. 


Research Laboratory, 
Pharmaceutical Society, London, 


LXX.—Contributions to our Knowledge of the Aconite Alkaloids. 
Part VII. On some Modifications of Aconitine Aurichloride. 


By Wrnonam R. Donstax, M.A., F.R.S., and H. A. D. Jowert, 
Redwood Scholar in the Research Laboratory of the Pharmaceuti- 
cal Socieiy. 


In Part I of this inquiry an account was given of the properties of 
aconitine aurichloride, C;,H,NO,,HAuCk, and its melting point was 
recorded as 135°5° (corr.). Since'then we have frequently had occasion 
to prepare this compound as a means of identifying aconitine, and 
have observed that when crystallised under slightly different condi- 
tions its melting point is subject to considerable irregularity. It was 
satisfactorily proved that this irregularity was not the result of 
impurity, and, since its occurrence interfered with the use of this 
compound, as evidence of the identity of an alkaloid with aconitine, 
we have made experiments with the view of ascertaining the cause. 
When a solution of aconitine hydrochloride is mixed with aqueous 
auric chloride, an amorphous, pale-yellow precipitate is abundantly 
produced. The precipitate, when dried on a porous tile in a vacuous 
desiccator, melts somewhat indefinitely near 137°. It dissolves readily 
in alcohol, chloroform, and acetone, but is scarcely soluble in ether or 
in water. The solutions deposit the compound in crystals on slow 
evaporation, but crystallisation is best effected by the addition of 
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water to a strong solution in alcohol or acetone until a faint, perma- 
nent turbidity appears; on standing, crystals separate, and a further 
quantity is obtained by adding more water to the mother liquor. 
Similarly, the solution in chloroform furnishes crystals when it is 
mixed with ether and allowed to stand in a closed bottle. A very 
large number of experiments have been made with these solvents 
under different conditions, but it will not be necessary to describe 
them in detail. It is sufficient to state that by using different solvents 
three distinct crystalline compounds have been obtained, differing 
in melting point. Analyses have proved that these three substances 
possess the same composition, and are not different hydrates of 
aconitine aurichloride or compounds containing a different proportion. 
of hydrogen chloride. Moreover, it has been shown by regenerating 
the alkaloid in each case, that they are true aconitine derivatives, and: 
are not compounds of an isomeric alkaloid or of decomposition pro- 
ducts of aconitine itself. 

The results of these experiments may be summarised as follows. 

Starting with pure crystalline aconitine (m. p. 188—189°, corr.), 
and converting it into the hydrochloride by dissolution in weak 
aqueous hydrochloric acid, the solution was precipitated with an 
excess of aqueous auric chloride and the amorphons precipitate col- 
lected, washed, and dried in a desiccator. The three modifications, 
distinguished as a.,8-, and y-, are obtained by the following methods. 

Aconitine a-aurichloride, C3;HyNO».,HAuCk, is obtained when the 
amorphous substance is dissolved in acetone and the solution mixed 
with a little water. This liquid deposits rosettes of needle-shaped 
crystals which, after drying in a desiccator, or at 100°, melt, with 
effervescence, at 135° (corr.). That this salt is not a hydrate was 
proved by heating it for three hours at 100°, when it lost no weight, 
and its melting point remained unchanged. 

The gold and the chlorine were determined in the substance by the 
following method, which rendered it possible to make the two deter- 
minations with one and the same quantity of material. 

About ‘0°3 gram is dissolved in alcohol and mixed with aqueous 
hydrogen sulphide, drop by drop, until, after vigorous shaking, a 
slight excess can be detected. The gold sulphide is filtered off, 
washed, dried, ignited, and the residue of metal weighed ; sometimes 
the gold was estimated by igniting the original salt. Through the 
mixed filtrate and washings a current of air is passed until the slight 
excess of hydrogen sulphide has disappeared. The liquid is then exactly. 
neutralised with ammonia and the chlorine determined volumetri- 
cally by means of a solution of silver nitrate. The precipitate of 
silver chloride is afterwards filtered off, the filtrate made alkaline 
with ammonia, and the aconitine extracted by shaking with cliloro- 
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form. By weighing the residue left on evaporation of the chloroform 
the amount of aconitine may be determined ; this, however, has only 
been done where confirmatory evidence of the composition was 
needed; but in all cases the melting point of the regenerated and 
crystallised alkaloid has been ascertained. The a-aurichluride 
furnished the following data. 


0:0644 of salt gave 0°0127 Au. Au = 19°72. 
0°02309 ,, = 19°75c.c. AgNO; (2107 c.c. = 3°55 Cl). Cl = 14°43, 
OsHgNOv»,HAuCl, requires Au = 19°87; Cl = 14°40 per cent. 


M. p. of regenerated aconitine 189°3° (corr.); m. p. of pure acon- 
itine 188—189° (corr.). 

The compound is, therefore, an aurichloride of aconitine. It may 
also be produced by crystallising tne amorphous aarochloride from 
a mixture of chloroform and ether, or from dilute alcohol. When 
crystallised from dilute alcohul, the a-compound generally sepa- 
rates in rectangular plates, and not in the rosettes of needles 
which are invariably obtained from aqueous acetone. This method 
of production is, bowever, not to be recommended, as it some- 
times leads to the formation of the f-aurichloride, or of a mixture of 
the two modifications. If aconitine a-aurichloride is dissolved in 
strong alcohol and the solution slowly evaporated, the B-aurichloride 
melting at 152° crystallises out. 

Aconitine -aurichloride crystallises in rosettes from the solution of 
the amorphous aurichloride or of the a-compound in strong alcohol. 
At 152° it melts to a clear liquid without effervescence, and closely 
resembles the a-aurichloride in appearance, but may not be identical 
in form. The crystals lose no water when heated for three hours to 
100—130°, and do not afterwards exhibit any alteration in melting 
point, On analysis by the method above described, they afford results 
corresponding with aconitine aurichloride, and the regenerated alkaloid 
is found to be aconitine. 


0°2768 of salt gave 0°05522 Au, and required 23°6 c.c. AgNOs 
(2107 e.c. = 3°55 Cl). Au = 19°95; Cl = 14°34. 
Cy3HyNO,,HAuCl, requires Au = 19°87; Cl = 14°40 per cent. 


M. p. of regenerated alkaloid 188°8° (corr.); m. p. of aconitine 
188—189° (corr.). 

When the compound is dissolved in acetone and crystallised by the 
addition of a little water, it undergoes conversion into the a-auri- 
chloride, the solution furnishing crystals of this modification which 
melt at 135°5° (corr.). When dissolved in chloroform and crystallised 
by the addition of ether, the 8-compound is converted into the 7-com- 
pound melting at 176°, 
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Aconitine y-aurichloride is obtained, as mentioned above, by add ng 
ether to a solution of the B-aurichloride in chloroform. It crystallises 
in prisms which become pasty at about 154° and melt to a clear liquid 
at 176° (corr.)* without effervescence. The melting point is not 
changed, and no loss in weight is produced by heating the crystals 
for some hours at 100°. That they consist of aconitine aurichloride 
is proved by the following analytical results. 


0°2915 of salt gave 0°0576 Au, and required 24°75 c.c. AgNOs 
(2017 c.c. = 3°55 C); Au = 19°76; Cl = 1431. 
CyHyNO,»,HAuCl, requires Au = 19°87; Cl = 14°40 per cent, 


M. p. of regenerated alkaloid 188° (corr.); m. p. of aconitine 
188—189° (corr.). 

When this substance is recrystallised from a mixture of acetone and 
water, it passes into the a-aurichloride (m. p. 135°5°), and into the 
B-aurichloride (m. p. 152°) when recrystallised from strong alcohol. 

It is remarkable that this y-aurichloride cannot apparently be pro- 
duced direct from the amorphous aurichloride or from the a-auri- 
chloride ; all experiments having failed which were made with the 
view of obtaining the y-aurichloride from these two compounds, 
which are probably essentially the same, as they melt at about the 
same temperature. When crystallised from a mixture of acetone and 
water, or from a mixture of chloroform and ether, the amorphous 
aurichloride yields the a-compound; when alcohol alone is used as 
the solvent, the B-compound is obtained. Recrystallisation of the 
@compound from a mixture of chloroform and ether produces no 
change, whilst recrystallisation from alcohol converts it into the 
B-compound, 


Transformation of Isomeric Aurichlorides. 
(The arrow-heads indicate the direction of the change.) 


* In determining the melting point of all these substances, the compound was 
introduced into the bath already heated to about 100°. If introduced at a higher 
temperature than this, the observed melting point may be lower than the number 
above recorded, 
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The y-compound can, therefore, only be obtained from the a-com 


pound indirectly. 

The changes of the three isomeric aurichlorides into each other are 
clearly shown in the two following diagrams. 

Both the y- and A-modifications pass at their melting points into 
the a-modification ; the fused compound when cold melts again, in 
each case, near 136°. 

It is possible that the crystalline form of each compound may be 
different, but, owing to the small amount of material which has been 
at our disposal, as well as to the great difficulty of obtaining large, 
well-defined crystals, it has not been possible to make measurements. 

Since very little is-at present known as to the constitution of 
aconitine, it is not possible to offer any explanation of the existence 
of these three isomeric forms of the aurichloride. The demonstra- 
tion of their existence is, however, of practical importance in connec- 
tion with the identification of this alkaloid, for it is now possible to 
produce one or all three forms of the compound of constant melting 
point ; although slight variations in the conditions may lead to the 
production of some other than the expected modification. For pur- 
poses of identification, it generally suffices to produce the f-com- 
pound by crystallisation of the amorphous aurichloride from strong 


alcohol. 
Research Laboratory, 


Pharmaceutical Society, 
London. 


LXXI.—A Study of the Properties of some Strong Solutions. 
By Spencer Umrrevitie Picxerina, M.A., F.R.S. 


Wirnovt depreciating the importance of the facts which have of late 
years been brought to light as to the nature of solutions by the study 
of weak solutions, it may be safely predicted that their true nature 
will never be satisfactorily elucidated so long as investigation is con- 
fined to limiting cases where many of the phenomena, perhaps the most 
important, are necessarily reduced to insignificance, and so long as 
solutions of all strengths are not embraced in the study. Of the 
various properties of solutions, osmotic pressure, as measured by 
the depression of the freezing point, presents special advantages for 
investigation, since more is known about it than about any other 
property. 
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Tt has been fully established that Van’t Hoff’s formula connecting 
the depression of the freezing point of a solvent with the heat and 
temperature of fusion of “— solvent gives very satisfactory values 
in a great number of cases,* and it ‘has also been established that 
the depression of non-electrolytes is, in the majority of cases, nearly. 
independent of the nature of the dissolved substance. My recent 
investigation of very weak solutions (Ber., 24, 277, 3328; 25, 1099, 
1314, 1589, 1854, 2011, 2518, 3434; 26, 1221) show, however, that the 
results with different solutions are not really constant or regular 
within the limits of experimental error, and render it doubtful 
whether greater constancy and regularity would be found even if 
still weaker solations were investigated. 

If the variations which are by no means absent in the weakest 
solutions become a marked feature in the case of stronger ones, it 
will be impossible to ignore their significance, and any theory which 
attempts to account satisfactorily for the origin and nature of solutions 
will be imperfect so long as it takes no account of these irregu- 
larities. 

The following determinations were made with a view to investigate 
this subject. They consist of determinations of the lowering of the 
freezing points of water, acetic acid, and benzene by various sub- 
stances, the measurements being extended to the greatest strength 
attainable. 

The benzene was fractionated by crystallisation, till its freezing 
point was no longer raised by the process; it was then dried with 
sodium, after which its freezing point was 5°44°. 

For acetic acid, fractionation by distillation, and crystallisation 
were found to be unsatisfactory methods of purification; boiling 
with acetic anhydride in various quantities was also tried, in order 
to ascertain, in the first place, how much anhydride should be added 
to raise the freezing point of the acid to a maximum, but this proved 
unsuccessful, owing to the very long time required for the anhydride 
to combine with the water present; by far the best results were 
eventually obtained by allowing a large bulk of the acid to stand for 
some months in a room, of which the temperature was fluctuating 
about its freezing point, thus causing it to crystallise and melt 
repeatedly; the freezing point of the sample finally obtained was 
16°626°. 

Sulphuric acid was also used as a solvent for acetic acid, and so 
was naphthalene for benzene. 


* It is well to point out that Van’t Hoff’s equation applies only to the imagin- 
ary case of infinitely dilute solutions, and that no satisfactory modification of it 
has yet been introduced to make it applicable to solutions of finite strength. 
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The Henbeil substances used were— 

Methyl alcohol, dried by treatment with calofam and barium iio 
b. p. 65°13—65°83° at 761 mm; 

Ethyl alcohol, dried in the same way, b. p. 78°74° at 778 mm. The 
sample used with water as a solvent was not quite dry; the percent- 
age of alcohol contained in it was determined by taking its density 
and comparing this with Mendeleéff’s tables. Its percentage strength 
was 98°895. 

Propyl alcohol, dried by the addition of small quantities of sodium, 
b. p. 95°9—97'9° at 754 mm. 

Pyridine, dried by potash, b. p. 116°9—117°5° at 750 mm. 

Diethylamine, dried by potash, b. p. 55°2—55-7° at 750 mm. 

Ethyl ether, dried by fractionation and repeated digestion with 
sodium, b. p. 34°53 at 759 mm. 

Carbon bisulphide, dried by calcium chloride, b. p. 46°15° at 


7°65 mm. 
Acetic anhydride, dried by phosphorus pentoxide, b. p. 137-4—139°4° 


at 753 mm. 
Sulphuric acid, prepared as described in the Chem. Soc. Trans., 


1890, 5'7, 337. 
Also water, benzene, and acetic acid were used as dissolved sub-: 


stances. 

The preparation of acetic anhydride was very unsatisfactory: the 
phosphorus pentoxide evidently decomposed it to a certain extent, 
and the sample used contained some acetic acid, for on cooling it to 
about —80° it became slightly cloudy, the crystallisation occurring 
being evidently not that of the anhydride itself, but of some substance 
present in it in small quantity only. An attempt was made to de- 
termine the amount of water (or acid) present by digesting it with 
an excess of water, and then both titrating it and also determining 
the freezing point of the solution, the freezing points of solutions of 
acetic acid of various strengths having first been ascertained; but 
neither method was sufficiently delicate to be satisfactory. The 
mean deduced from them (93°401 per cent.) was taken as the com- 
position of the sample. In any case, the results obtained with it 
would be doubtful, since a very small quantity of moisture in the 
solvent used would materially affect the amount of anhydride added, 
18 grams of water converting 102 grams of the anhydride into the 
acid. 

The method of making the determination was similar to that adopted 
in my recent work on the amines (this vol., p. 144), each solution, 
however, being made up separately by weighing or measuring, and a 
mercurial thermometer being used for all freezing points above about 


— 20°. 
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The results are given in Tables I—XXIII (p. 1015, e¢ seg.). The 
observations made with a mercurial thermometer are distinguished 
by asterisks. 


Details of the Results. 


The various results were all plotted out in several different ways 
and on several different scales, and for determining the position of 
any breaks which appeared to exist the means given by the various 
drawings were taken. Plotting against some form of percentage 
composition is always preferable for several reasons, as I have else- 
where stated, to that against molecular composition, and in several 
cases plotting against molecular composition led to no definite-results. 
Any one who wishes to obtain a correct impression concerning the 
breaks noticed must plot the results out against percentage com- 
position. 

Although the figures plotted against molecular and percentage 
composition are, as a rule, entirely different in their general form, 
they always led to the location of the breaks ai the same points, 
wherever the former plotting gave any definite results. 

For purposes of illustration, the molecular plotting is preferable, 
and has been adopted in the accompanying figures. These figures 
and Table B, p. 1012, in which the position of the various breaks 
are entered, will render it unnecessary to mention full details, 
except in a few cases. It has not been possible to represent all the 
breaks in the weaker solutions in the figures, and in some cases the 
results extend to much stronger solutions than those included in the 
illustrations. The lines marked “equation” represent the values 
given by Van’t Hoff’s formula. 


A. With Water as Solvent. 


Methyl and ethyl alcohols and also diethylamine are the only in- 
stances among the non-electrolytes here investigated in which the 
depression ever becomes notably larger than that given by Van’t 
Hoff’s formula. 

Ethyl Alcohol—A break at about 1°26 mols.,+ indicated by the 
present determinations, has been indicated also by a fuller series of 
determinations with weak solutions, performed in a different manner, 
and published in the Berichte, 25, 1854; the position there as- 
signed to this break was at about 15 mols. It is possible that the 
section from 0 to 14 mols. exhibits some other irregularities which 
the present determinations are not quite sufficient to elucidate. 

Propyl Alcohol.—Three different samples of the alcohol were used, 


t These values all refer to molecules dissolved in 100 molecules of the solvent, 
VOL. LXIII. 3 YX 
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the third being probably less pure than the other two; the actual 
depressions given by it are throughout somewhat smaller than those 
given by the first and second series. The second series was confined 
to stronger solutions, 14 mols. and upwards. 
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The figure forms a curve bending slightly downwards (that is, 
depression increasing at an increasing rate) as far as 6°05 mols.; the 
rate of increase then undergoes a very considerable change, the figure 
now forming a curve bending upwards (that is, depression increasing 
at a diminishing rate). There is a break at 14°4 mols., and one also at 
522+ mols., the observations from the different series varying from 


+ The figures after the decimal point are, naturally, insignificant, the error being 
generally + several whole units, but it is well to give the exact values obtained. 

Tt is, perhaps, not unnecessary to point out that neither the probable nor the 
mean error of a mean result is gauged by the difference between the extreme ob- 
servations from which the mean is deduced, for twice lately my conclusions have 
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49 to 55. The rate of depression which is about 1'2° per mol. from 
0 to 6 mols., is only 0°05° from 14 to 50 mols. From 50 mols. onwards, 
the rate of depression is larger, but the results are not very con- 
cordant, either as to the position of breaks, or as to whether the 
curvature is slightly in the upward or slightly in the downward 
direction, this uncertainty being probably due to the difference in 
the sample of alcohol used, and the difficulty of ob‘aining this alcohol 
pure. The various series agree in indicating a break somewhere 
about 193 mols., and there is possibly also another break at 104 mols., 
though the indications of this break are not sufficiently concordant to 
admit of its being otherwise than very doubtful. 

I think that there may be another break at about 2°35 mols., and 
the existence of one in this region is by no means opposed to the 
results of an examination of the third series of the present results 
which has already been published in the Phil. Mag., though it is 
scarcely worth while entering into fuller details respecting it here 
(see footnote, Phil. Mag., 33, 441). 

Pyridine.—After a strength of 100 mols. is reached, the crystal- 
lisation of water gives place to that of pyridine, the freezing points 
rising to —49°8°, which is that of the pureamine. The figure obtained 
with this substance shows some remarkable changes. 

Diethylamine.—The crystallisation of water from solutions of this 
substance extends to 6 mols. only, after which a hydrate crystallises. 
The experimental values will be found on p. 151 of this volume. 

Acetic Acid.—Water crystallises from the solutions up toa strength 
of 19 mols. ; after which the acid crystallises. 

! 


B. With Benzene as Solvent. 


With this solvent, the freezing points have been followed up to very 
strong solutions, some of them containing 3000 and 4000 mols. to 
100 C,H. 

In the case of all the three alcohols, the zero point does not lie on 
the section drawn to represent the results with the weakest solutions, 
thus indicating some further change which the present results are 
insufficient to elucidate: with ethyl alcohol, further determinations 
have already been made and published, and another break at 1°5 
mols., as a matter of fact, was found (Phil. Mag., 33, 448). This 
break has been established by a critical examination by the graphic 
and also by the mathematical method. The similarity in general 
appearance of the resalts given by the three alcohols in benzene, and 


Leen subjected to an adverse criticism from chemists based on a misconception of 
this character. I'he probable error of the above-mentioned 52°2 is, for instance 
+ 1°2, 
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the difference of these results from those given by the other sub- 
stances is very noticeable. 

Pyridine.—The erystallisation of benzene extends to solutions of 
a strength of 300 mols., after which pyridine crystallises. The mole- 
cular depression of the freezing point of pyridine by benzene di- 
minishes rapidly with an increase in the amount of benzene present : 
it is 1°45° per molecule for a strength of 1 mol. C,H, to 100 C;H;N, 
and only 0°553 for a strength of 30 mols. C.Hg. 
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Diethylamine.—This amine crystallises from solutions stronger than 
3°50 mols., the freezing point then rising to that of the pure amine, 
—49°3°. 

The molecular depression of the freezing point of the amine by 
benzene is about 0°05° at a strength of.1 mol. to 100 C,H, and 
0°183° at a strength of 30 mols.; thas it increases rapidly with 
increase of strength. 
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Naphthalene.—The results extend to solutions of a strength of 
15 mols. only, after which the naphthalene crystallises from the solu- 
tions. A series of determinations with weaker solutions will be found 


in the Ber., 25, 2014. 


C. With Acetic acid as Solvent. 

Propyl Alcohol.-—Besides two other breaks, the results show one at 
about 15 mols.; this is decidedly not a well marked one, but it has, I 
think, been sufficiently established by a much fuller series of deter- 
minations in this region which have been critically examined both 
graphically and mathematically, and the results published in the 
Phil. Mag., 33, 445. The most probable position of the break accord- 
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ing to these results was 16°7 mols., or almost exactly C;H,0.6(C,H,0.). 
The samples of alcohol used in the two cases were different, and this 
accounts for some minor differences in the form of the figures and in 
the actual temperatures. 

Ethyl Ether.—The determinations, especially with strong solutions, 
are not very concordant, owing, no doubt, to the volatility of the 
ether. 

Carbon Bisulphide.—The solubility of this substance in acetic acid 
is limited, and extends to a strength of 35 mols. only. At this point 
there must, of course, be a break, since there is a change here in the 
circumstances conditioning the results, and it is important to note 
that the application of a bent lath undoubtedly reveals this change. 
(For another similar instance, see this vol., p. 170.) 

Although all solutions containing over 35 mols. are supersaturated, 
and, consequently, cloudy, the freezing point falls appreciably as the 
excess of bisulphide present is increased (at any rate as far as 
44 mols.), instead of remaining constant as would be expected. I 
cannot explain this result. 

Sulphuric acid.—The results extend to a strength of 30 mols., the 
freezing point being then —18°, and the liquid excessively pasty. 
They form a figure consisting of two lines curved considerably in 
opposite directions, and showing a very well marked break at 9 mols. 
The experimental points representing the results are given in 
Fig. 3. 


D. With Sulphuric acid as a Soivent. 


Acetic acid.—The results do not seem to form a uniform curve, but 
there are not sufficient determinations to lead to the recognition of 
any definite change of curvature. The determinations were very 
difficult, owing to the viscidity of the solutions, 


E. With Naphthalene as Solvent. 


Benzene.—These results may be inserted here, although they were 
performed with a different object in view from that in the case of tlie 
other determinations. The freezing point of the naphthalene used was 
79°866°. In making solutions, from which it separated at tempera- 
tures higher than that of the laboratory, the two substances were 
weighed into a tube which was then sealed and heated till dissolution 
was complete, and the freezing point determined as quickly as possible 
on the tube being opened. Some loss of benzene, no doubt, occurred, 
though, from the regularity of the results, this loss was apparently 
not a very serious one. 

The results extend to solutions containing 600 mols. of benzene, 
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and form a figure with an upward curvature throughout. There is a 
fairly well marked break at 199 mols., another at 60 mols., the 
position of which cannot, however, be located at all exactly, and 
probably also another minor break at 14°2 mols. 

The molecular depressions at various strengths are as follows. 


Atlmol. 10mols. 50mols. 100mols. 300 mols. 600 mols. 
0°5° 0°48° 0°40° 0°328° 0°204° 0°135° 


Van’t Hoff’s equation, using the data published by me in the Proc. 
Roy. Soc., 49, 18, gives 0°547 as the theoretical value. The observed 
depressions for weak solutions are, therefore, normal, 


Discussion of the Results. 


The following are the values obtained for the molecular depression 
(that is, depression produced for 1 mol. of dissolved substance to 
100 mols. of solvent) with certain proportions of dissolved substance. 


Taste A.—Molecular Depression produced by u Molecules dissolved in 
100 Molecules of Solvent. 


Substance. ea. . .| = 50. |=100. 


Solvent = Water. 


Methyl alcohol ..... 
Ethyl alcohol ...... 
Propyl alcohol...... 
Pyridine . sees 
Diethylamine ,..... 
Acetic acid 


Sulphuric acid 
Calcium chloride... 
Calcium nitrate§.... 


11 | 


Methyl alcohol ..... 
Ethyl alcohol ...... 
Propyl alcohol...... 
Pyridine ....... 0+. 
Diethylamine 

Ethyl ether ........ 
Carbon bisulphide. .. 
Naphthalene ....... 
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+ Atm = 30,109. t Trans., 1890, 59, 331. 
§ These results have not yet been published. For other instances of electrolytes 
see Ber., 24, 3322. || At» = 7, 6°97. 
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Taste A—continued. 


| 
Substance. n=1.| =5. | =10. | aaa im liad Wisse = 2000. 

| | | 

Solvent = Acetic Acid. 
Methyl alcohol ..... 0-6 | 0-60 | 0-555| 0-454! 0-420| 0-373} — — 
Ethyl alcohol.......| 0°6 | 0°56 | 0°54 | 0°450) 0°381| 0°276, — -_ 
Propyl alcohol......| 0°65 | 0-60 | 0°56 | 0°450 0-377] 0-273) — — 
Ethyl ether ........ 0°6 | 0-57 | 0-56 | 0-457| 0-365] 0-220 — - 
Carbon bisulphide...| 0°54 | 0°466) 0-402) 0-168) — _ _— ant 
Sulphuric acid......| 0°5 | 0°45 |+0°395) — | — jf = | = — 
Water...........+«| 0°56 | 0°530| 0482) 0-334 O-270| — | — -- 
Acetic anhydride... 0-6 | 0-56 | 0°53 | 0-377) 0-289] 0-179 0-043 | — 


The present experiments were not calculated to give values of any 
accuracy for the weakest solutions here entered, but they are quite 
accurate enough to show that all the non-electrolytes investigated 
give results agreeing approximately with Van’t Hoff’s equation, the 
values according to which are 105°, 0°68°, and 0°65° in the case of 


the three solvents, water, benzene, and acetic acid respectively. No . 


exception, therefore, can be taken to them on the score of their being 
substances which behave abnormally. 

One point which I have already discussed more fully elsewhere 
(Ber., 24, 3317) may, in the first place, be briefly noticed—the 
general tendency for the molecular depression in the case of non- 
electrolytes to diminish considerably as the strength of the solution 
increases, in contradistinction to electrolytes where, excepting in 
very weak solutions, the depression increases with the strength. 
Several partial or apparent exceptions to this rule may be noticed in 
the case of electrolytes—methyl and ethyl alcohol in water, propyl 
alcohol in benzene and in acetic acid, pyridine, and several of the 
amines which were previously investigated, as well as cane sugar in 
water (Ber., 24, 3334)—but in these cases the increase, instead of 
decrease, noticed is confined to comparatively weak solutions, and in 
several instances is followed by a subsequent decrease. It is certainly 
of importance to notice that electrolytes differ from non-electrolytes 
in giving abnormally large depressions, not only in very weak solu- 
tion, where dissociation is supposed to be the cause, but also, and 
even to a greater degree, in strong solutions, where dissociation cannot 
be assigned as the cause. 

An examination of the numbers in the foregoing table, or, still 
more, a glance at the plates, will show that diversity and irregularity 


t Ata = 35, 092. 
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is one of the most prominent features of the results. Taking, for 
instance, the values for solutions containing 100 mols., we find that, 
in the case of water, the molecular depressions are sometimes 15 per 
cent. less than they are with weak solutions, sometimes 85 per cent. 
less; with benzene as the solvent, the decrease varies from 9 to 55 per | 
cent. ; whilst with acetic acid the variation, though somewhat less, is 
still very great, being from 45 to 80 per cent. 

The rates also at which the actual depression increases is very 
different in different cases: sometimes it is 25 times greater in one 
case than what it is in another; and, even with the same substance, 
there are great variations, according to the strength examined ; there 
are cases, for instance, in which the rate is as much as five times as 
great at one strength as what it is at a different strength ; and there 
are also several cases in which a decreasing rate changes to an in- 
creasing one, and vice verséd. In fact, the figures may well be de- 
scribed as being as greatly diversified as they could possibly be, con- 
sistently with there always being some increase in the actual depression 
with increase in strength. . 

Even if the results with very weak solutions showed absolute regu- 
larity and uniformity (which they do not), it would be impossible to 
deny that, through some 95 per cent. of the whole range of strength, 
variation and irregularity is one of the most marked features of solu- 
tions, and, as such, it cannot be ignored in any views formulated as to 
their nature. 

The nature of the dissolved substance is evidently one of the causes 
producing diversity and irregularity in the results, and the next 
question to be considered is, whether it is the only cause, and whether 
these irregularities can be explained solely by the aggregation of the 
fundamental molecules of the dissolved substance into complexes as 
soon as they become concentrated to a certain degree, or whether the 
nature of the solvent is also operative in causing this diversity and 
irregularity. (The nature of the solvent is, of course, accepted in 
Van’t Hoff’s equation as influencing the magnitude of the values for 
weak solutions; but the differences which I am here speaking of are 
those over and above these constant differences, and in comparison 
with which, in strong solutions, the constant differences become quite 
insignificant. In the values given below the constant differences are 
eliminated.) 

To investigate this we must compare together the results obtained 
with the same substance in different solvents. 

The results with ether in acetic acid and in benzene do not differ 
much from each other. Calling the normal molecular depression for 
each solvent unity, we find the values 
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At 50 mols. At 200 mols. At 450 mels. 
In acetic acid ... 0°70 0°41 0:27 
In benzene ‘ 0°43 0°28 


humbers which would indicate that the two solvents exercise very 
nearly the same influence on ether. 

With carbon bisulphide, however, in these two solvents, the dif- 
ference is very great, though its sparing solubility in acetic acid does 
not permit of the comparison being made throughout any considerable 
range. The values are 


At 10 mols. At 50 mols. 
In acetic acid ‘6% 0°24 
In benzene ' 0°63 


The results with diethylamine in water and benzene show a still 
more marked influence on the part of the solvents, for the depression 
varies in opposite directions in the two cases. 


At 1 mol. At 10 mols. 
1:28 
0°87 


The results with pyridine in water and benzene give a similar: 


illustration of diversity of action. They are 


Atlmol. At25 mols. At50mols. At 100 mols, 
In water ..... O86 0°27 0°44 0°47 
In benzene... 0°86 0°68 0°62 0°52 


But the most conclusive instances are those of the three alcohols, 
all of which were examined in all the three solvents. The results 


Methyl Alcohol. 
At 1 mol. At 10 mols. At 50 mols. At 100 mols. At 300 mols. 
1:05 1:05 0:98 0°79 — 
In aceticacid.. 0°29 0°85 0°70 0°65 0°57 
In benzene.... 0°87 0°32 O11 0°08 0°06 


Ethyl Alcohol. 


In water...... 1°05 1:09 0°78 0°52 . 
In aceticacid.. 0°89 0°83 0°69 0°59 
In benzene.... 0°87 0°34 0°15 0-11 


Propyl Alcohol. 
1:00 0°84 0°23 0°14 
In acetic acid.. 1°00 O86 0°69 058 
In benzere.... O74 0°37 0°17 U-14 
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" A glance at Figs. 1, 2; and 3 will, however, show more clearly than 
any tables of numbers the influence of the nature of the solvent on 
the results; the order of magnitude of the depressions produced by 
the same two or three substances may be entirely altered by altering 
the solvent, and some marked feature shown by some particular | 
substance in one solvent may be entirely absent when another 
solvent is used. 

(It should be pointed out that equal volumes and not equal mole- 
cular weights of solutions should be compared when investigating 
the possibility of explaining the irregularities by the aggregation of 
the dissolved molecules; but so doing would not alter the general 
character of the results; the volumes of 100 gram-molecules of 
benzene, acetic acid, and water are 9800, 6000, and 1800 c.c. respec- 
tively, so that, if it were simply a question of the aggregation of the 
dissolved molecules, this aggregation would be less, and the depres- 
sion, therefore, greater in acetic acid than in benzene, and in benzene 
than in water, whereas this is by no means always the case.) 

Thus the irregularities and peculiarities of the results cannot be 
attributed either to the substance alone or to the solvent alone, and 
must, therefore, be attributed to the joint action of the two; between 
each different substance and each different solvent there must be 
some specific action or attraction which renders any one set of results 
different from any other, a fact which it is difficult to explain, except 
by supposing that in each particular case we have bodies present 
which are different from those present in any other case, that is, 
that we have present compounds of the two substances originally 
taken, and not merely the free uncombined substances themselves. 

This conclusion is identical with that deduced from my determina. 
tions of the heat of dissolution of various non-electrolytes in different 
liquids (Phil. Mag., 34, 35; many of the substances there inves- 
tigated were the same as those which form the subject of the present 
work). 

That we really have present in the solutions compounds of the 
solvent and substance, receives the strongest support from a con- 
sideration of the positions at which changes of curvature have been 
noticed. These are collected in Table B (p. 1012). 

The various breaks, necessarily differ much as to the degree 
of certainty with which they are marked; those which are some- 
what uncertain (as to their position or existence, not necessarily 
the latter) are entered in the table in round brackets, and half 
value has been attributed to them in taking the means; those which 
are very uncertain are entered in square brackets, and to them only 
a quarter value has been attributed. 

Now with the present results, the experimental error is such that 
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we might expect the breaks to give us evidence as to whether or not 
they occurred at definite molecular ratios of the solvent and sub- 
stance when these ratios were as simple as 4:1, 3:1, &c., up to 
1:4. Between these limits, 29 breaks have been recognised, and of 
these no less than 24 coincide with one or other of these simple 
ratios well within the limits of experimental error, and the mean 
results differ from the exact ratios by amounts corresponding with 
only from 1-1 to 3:2 per cent. of the total amount of substance pre- 
sent, Even the five exceptional cases can scarcely count as real 
exceptions, for of them four were entered as specially doubtful, and 
the remaining one—which, by the way, agrees with the not very 
complex ratio of 3 : 2—as somewhat doubtful. 

I had attributed no weight to coincidences with ratios more com- 
plex than those above mentioned, and, indeed, had not at first 
troubled to calculate out the ratios in such cases; I was, therefore, 
surprised to find, when I did so, that all the values for weaker solu- 
tions down to a strength of 9 mols. to 100 of solvent agreed, with 
only one exception, almost exactly with a simple molecular ratio. 
The values are 


Definite ratio. 


1:5 = 20: 100 
1:6 = 16°67 : 100 


1:7 = 144 : 100 


: 100 


1:8 = 125 


1:10 = 10:100 


1:11 = 91:100 


The exceptional case was oue break at 15:3 : 100, which, however, 
was entered as especially doubtful. Of the above values, that at 
10°5 mols. is the only one where the agreement with a definite ratio 
is not good; the others show on an average an error of only 1:2 per 
cent. of the total amount of the substance present, and such a coin- 
cidence can scarcely be accidental. It is also interesting to note that 
the indication which occurs most frequently, 1:7, represents a 
hydrate which was specially prominent amongst those recognised in 
my recent work on the amines, recognised, not merely by the exist- 
ence of breaks, but by having been actually isolated in the crystal- 
line condition. 
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I had originally inserted in this communication the results of a 
critical examination of some of the figures to show the strength of the 
arguments in favour of the real existence of the breaks mentioned, 
but to economise space I have now omitted this, and shall con- 
tent myself with alluding to similar results already published. It 
has been shown (Phil. Mag., 33, 436; (Ber., 24, 3328; 25, 1099, 
1314, 1589, 1854, 2011, 2518, 3434; 26, 1221) that when drawings 
are made showing those breaks which an examination of the figure 
with a flexible lath has indicated, the apparent error of the experi- 
mental points, when compared with these drawings, agrees with the 
magnitude of the experimental error, whenever the latter is known 
with certainty. Out of some 20 cases examined, there was no single 
exception, although at the time the drawings were made the true 
magnitude of the experimental error was, in most cases, not known. 
It has also been shown that the deduction of parabolic equations by 
mathematical means from the experimental values leads to precisely 
the same conclusions as to the position and existence of breaks as the 
application of bent lath enrves to them does. It has been shown, also, 
how independent the position of the breaks are of the “ taste”’ of the 
draughtsman, for if they are placed at points other than those at 
which they really occur, the apparent error of the points is no longer - 
found to agree with the known experimental error, but to be con- 
siderably larger than the latter, even when the same number of 
separate curves are used in the two cases. 

Some of the cases which were selected for this special investigation 
were breaks shown by the results detailed in this paper, and of 
others of the present results which I have examined in a similar 
manner, I need only mention those obtained with the freezing 
points of benzene containing ether, since they, of all the series made, 
form a figure which differs least from a uniform curve, and the three 
breaks indicated by it are all entered as doubtful; yet the results of 
a careful examination spoke strongly in favour of their reality. The 
mean experimental error was found by my graphic method to be 
0°157°, and the apparent error of the points according to a drawing 
showing the three breaks was almost exactly the same, namely, 
0°155°, whereas the error of a drawing, placing three breaks at other 
points, was 0°303°, or nearly twice as great as it vught to be, and a 
single-curve drawing, showing no breaks at all, gave ‘an error 
39 times greater than the known experimental error. 

The present work shows, therefore, that the small irregularities 
which are noticed in the properties of weak solutions cannot be re- 
garded as insignificant, since they become one of the most marked 
features in the case of strong solution. Strong additional evidence 
is also afforded that these irregularities are in reality due to the pre- 
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sence of definite compounds of the solvent and dissolved substance, 
and that the existence of such compounds is not confined to cases in 
which the solvent is water. 


TaBLe I.—Depression of the Freezing Point of Water by Methyl Alcohol. 


Composition. 


Percentage 
of alcohol. 


Molecules 
of alcohol to 


Depression. 


Composition. 


Percentage 
of alcohol. 


Molecules 
of alcohol to 
100H,0. 


Depression. 


32 °231 
34 687 
37 284 
39 *394 
42°171 
45 *027 
48 046 
50-101 
52 ‘601 
54 °862 
57°112 
59 *843 
62 °747 


26°718 
29 °836 
33 °397 
36°515 
40 °967 
46-013 
51 952 
56 °407 
62 *343 
68 -280 
74809 
83 °717 
94 °623 


* In this and subsequent tables, the observations marked * were made with an 
alcohol thermometer. 


Taste II.—Depression of the Freezing Point of Water by Ethyl Alcohol. 


Composition. 


Percentage 
of alcohol. 


Molecules of 
C,H,O to 
100H,O. 


Depression. 


Composition. 


Percentage 
of alcohol. 


Molecules of 
C,H,0 to 
100H,0. 


Depression. 


"192 
394 
581 
*782 
"185 
597 
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11°734 
12 *833 
13 622 
14°204 
15°323 
16 °307 
16 °345 
17°077 
17 987 
18 -942 
19 936 
21°517 
22 °929 
24 °684 


5 °202 
5°761 
6°171 
6 °478 
7-081 
7 624 
7-645 
8-058 
8°581 
9 °144 
9-743 
10 -728 
11 °569 
12 °824 
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Taste lI1—continued. 


Composition. Composition. 


‘De i D : 

pression. epression. 

Percentage oe Percentage Molecules of 
2**6 


of alcohol. 100H,0. of alcohol. 


25 °817 13° 64°578 
27 555 14° i 64 °698 
30°113 16°8 j *880 
31 *986 18° *é 151 
34° 852 20° ‘ *586 
37 °456 23° . ‘080 
39 “876 25 ° “60 "B52 
42 °377 28 ° , 
44 °734 31 °6 
47 °109 34° 

50° 884 40° 

54°681 48° 

57 ‘591 53° 

59 -960 58° 

61 °865 
62-954 
63 839 


Taste ILl.—Depression of the Freezing Point of Water by Propyl 
Alcohol. 


Composition. Composition, 


Percentage | Molecules of Depression. Percentage | Molecules of Dequontion. 
of propyl C,H,O of propyl C;H,O 
alcohol. to 100H,0. alcohol. to 100H,0. 


First Series, 
87° 52-701 
‘73 57 °210 
"18 62 °841 
51 67 ‘681 
“00 72°919 
“82 74°949 
‘98 77 -786 
*35 79-916 
“75 81 *402 
‘87 83 *648 
“66 85-0490 
13 86 -426 
“60 87 121 
88 *625 
91°007 
91-916 
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Taste I] I[—continued. 


Composition. | Composition. 


Preentage Molecules of Depression.{ Percentage | Molecules of | Depression. 
of propyl C;H,0 | of propyl C;H,O 
alcohol. to 100H,0. | | alcohol. to 100H,0. 


Second Series. 


71°377 74°807 
72 °871 80°579 
74°904 89 °535 
76 °542 97 *883 
105 05 
119° 22 
131°13 
140 *56 
153 *46 
170°52 
191 °6O 
219 °67 
230 °97 
259 °65 
280 °55 
298 43 
344 °05 


62 °841 
64 °670 
65°159 
67 °418 
67 ‘971 
69 °025 
69 °526 
70°481 
71°377 
73 °583 
74°949 
76 °542 
78 °727 
80-689 
82 °380 
84°140 
85 °650 
86 °853 
87 *985 
89°313 
89-953 
90 *340 
91-098 
91 °916 
92 °719 
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t The determinations with the weaker solutions as far as 32 per cent. are the 
means deduced from several independent observations. 
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Taste 1V.—Depression of the Freezing Point of Water by Pyridine. 


Composition. Composition. 


Depression. Depression. 


Molecules of 


| Molecules of 
pyridine to 


pyridine to Percentage 


Percentage 


of pyridine. 100H,0. of pyridine. 100H,0. 


57 869 *283 
60°071 *263 
62°238 537 
64 °845 “008 
67 °584 483 
69 *294 “394 
70 °621 “745 
71 °838 "095 
73°771 055 


“560 
“095 
“899 
“681 

352 
*246 
028 
256 


2 °400 

4°587 

7-698 
10 °533 
12 °829 
15°712 
18 °083 
21°550 
25 “014 *212 
28 -184 “938 
34°210 843 
38 °423 ‘211 
42 °391 758 
44 °584 323 
47 -44] 557 
50 *344 “089 
52°717 "B94 
55°412 28°303 


SBNQukwnwe HO 


75 °990 “080 

76 *806 “418 

77 575 *783 

78 633 “797 

80 -090 “613 

81°19] *309 
(83 -066 71 
(100 a 

| 
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t Pyridine crystallises from these solutions. 


TaBte V.—Depression of the Freezing Point of Water by Acetic Acid. 


Composition. Composition. 


Percentage | Molecules of Depression. Percentage | Molecules of Depression. 


of C,H,0 to of C,H,O to 
acetic acid. 100H,0. acetic acid. 100H,0. 


34°470 “783 
37 °254 “814 
39 °796 9°833 
42 *444 2°126 
44 °563 “118 
47 °316 946 
50 °098 "122 
54 928 36° 564 
*458 59° 334 3 °777 
10 208 (63 °818 2 921 
28 *532 11°978 , (67°968 | *663 
31 482 13 °786 . (72°126 | "623 


*335 
“487 
490 
“642 
*580 
637 
"142 
‘789 
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t+ Acetic acid crystallises from these solutions. 
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Taste VI.—Depression of the Freezing Point of Benzene by Methyl 
Alcohol. : 


Composition. Composition. 


Percentage | Molecules of Depression. 


Percentage | Molecules of Depression. 


of methyl | alcohol to ‘of methyl | alcohol to 
alcohol. 100C, H¢. alcohol. | 100C,H,. 


° 


| 
47 °477 219°86 | 970° 
52 °490 268°72 | 11°50 
57°552 329°82 |, 13°71 
62 °668 408 *31 17 “41 
67 °837 513 ‘01 21°54 
73 °228 665° 28 -0* 
78 *334 879° 34 °8* 
83 *663 1217 ° 46 -9* 
89 °053 1979 °s 60 -9* 
94.°497 4176° 74°4* 


5 626 
11°573 
25°062 
38 *802 
54 *962 
73 °285 
94 °227 

118 °39 
144 *57 
179 °88 

| | 
TaBLe VII.—Depression of the Freezing Point of Benzene by Ethyl 
Alcohol. 
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Composition. Composition. 


Depression. Depression. 


Molecules of Molecules of 
a —e alcohol to ™ — alcohol to 
asetann 100C,H,. * | 100C,H,. 


‘170 235 *59 15°89°* 
30°244 «=| = 256 °72 17°13 
383) | = 258-21 17°67 
“999 288° 45 19°11 
181 | 317°87 21°34 
“876 357 *95 23°28 
"940 394 °16 26°41 
3 °169 461 °89 30 °60 
190 531 *42 34° 80* 
, 34 °65* 
094. . 39 -45* 
042 . 42 -45* 
672 . 46 °75* 
556 “83 48 -20* 
‘On| : 52 -95* 
‘273 34° 54°70* 
"285 ‘ 59 -70* 
804 62 -60* 
90 004 5° 64 °95* 
91°201 | ° 71 °30* 
92°430 2068 ° 76 *45* 
94 °991 212° none at 88 


4,°226 
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Taste VIII.—Depression of the Freezing Point of Benzene by Propyl 
Alcohol. 


Composition. Composition. 


Percentage | Molecules of Depression. Percentage | Molecules of Depression. 
of alcohol to of | alcohol to 


alcohol. aleohol. | 100C,H,. 


52 °590 
57 650 
62-763 
67 -925 
73 °138 
78 °402 
83 *720 
89 -092 
92 *342 


Tate IX.—Depression of the Freezing Point of Benzene by Pyridine. 


Composition. Composition. 
| 


Percentage | Molecules of | mapenian, 


of pyridine to of pyridine to | 
pyridine. 100C,H,. pyridine. | 100C,H,. 


Percentage | Molecules of Depression. 


5°561 5°307 ' 52°804 | 110°32 
11-057 12-258 . 57‘761 | 184°84 

16 -489 19 469 ° 62-661 165°48 | 
21-856 27 +573 ° 67°510 | 204°89 
27-164 36-774 ’ 72°304 | 257-42 ° 
32 -262 46 °963 ‘ (77 °159 333-10 

37 -596 59 °405 ° (81°736 | 441°28 
42-722 73516 ° (86°374 | 625-05 
47-791 90-261 33° (100 -00 x 


t Pyridine erystallises from these solutions. 
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Taste X.—Depression of the Freezing Point of Benzene by 
Diethylamine. 


Composition. 


Percentage 
of 


diethylamine. | 


Molecules of 
dietnylamine 
to 
1000, H,. 


Depression. 


Composition. 


Percentage 
of 


Molecules of | Depression. 


diethylamine | 


‘ . to 
diethylamine. 1000, H,. 


4 °546 

9 °597 
15 °278 
21 °592 
28 *788 
37 °014 
46 °506 
57 °578 
70 °665 
86 *364 


49-736 
54841 
60-055 
65 *384 
70 ‘835 
76 *405 
(82-104 
(93-896 
(100 “000 


56 
55 
“39 


105 
112 
160 
201°51 
259 °11 
345 °46 
489 °43 
1641 *10 
6) 


+ Diethylamine crystallises from these solutions. 


Taste XI.—Depression of the Freezing Point of Benzene by Ethyl Ether. 


Composition. 


Percentage 
of ether. 


Molecules 
of ether to 
100C,H,. 


Composition. 


Depression. 


Percentage 
of ether. 


Molecules of 
ether to 


Depression. 


1°126 
2 *227 


2°538 
3°456 
4°580 


” 

8°215 
11°108 
14°295 
17183 
20 °143 
22 *654 
25 °468 
28 212 
30°915 
33 °168 
35 °619 
37 °944 


Cc 
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72 828 
80 °536 


” 

89 *964 
98 "955 
108 820 
119 ‘96 
133 -65 
147 *37 
164 °54 
179°92 
203 °49 
222°76 
262 °75 
291 *12 
342 °72 
385 °60 
428 *39 
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Taste XII.— Depression of the Freezing Point of Benzene by Carbon 
Bisulphide. 


Composition. | Composition. 


Molecules | Depression. Molecules | Depression. 


; Percentage 
of carbon of cote of carbon 
bisulphide to| bisulphide | bisulphide to 


100C, Hg. | 100C,,H,. 


Percentage | 
of carbon 
bisulphide. 


1°134 | 205 0°73? 49 *433 102-9 
2-380 | 566 1°68 52°217 | 115°0 
3513 +832 2°47 54°051 | 123°8 
4:909 “433 3°41 57 ‘617 143°1 
8 648 9-962 5-84 60°070 | 158°3 

11-768 O04 8-05 62°151 172°8 

14:980 | 54 9 94 64°380 | 190°2 

17 995 -09 11°83 67-170 215°3 

21-058 ‘07 14:00 69110 2355 

23 “652 -60 15°51 72-605 | 278-9 

26°547 03 | 17°49 74°617 309 *4 

29°587 | 22 | 19°56 77 516 362 °8 

32 +125 ‘81 | 21°28 79 474 407 °5 

34°424 24 | 22°89 81°38 452°8 

36°914 | 58 | 24°64 83-065 516-2 

39-225 | ‘92 | 26-07 84-797 587-0 

42 +241 96 | 28°21 85 865 639 °3 

44°18] 30 | 29°58 86 ‘907 698 °5 

44628 “82 | 29-90 88 -436 804°8 


47 464 90 32 -43* 90 *899 1051 °1 


Taste XIII.—LDepression of the Freezing Point of Benzene by 
Naphthalene. 


Composition. Composition. 


Percentage | Molecules of Depression. Percentage | Molecules of | Deyousion. 
of naphthalene of naphthalene | 


naphthalene. | to 100C,H,. naphthalene. | to 100C,H,. | 


"161 
“929 
*720 
“415 
‘117 
862 


"188 


Dans P oo 


_ 
7 


“587 
“396 
“304 
14 °459 
15 354 


6 

6 

7 

8 

9 

9 
10°752 
1l 
12 
13 
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Table XIV.—Depression of the F'reezing Point of Acetic acid by Methyl 
Alcohol. 


Composition. 


Percentage 
of 
alcohol. 


Molecules of 
alcohol to 
100U,H,O¢. 


Composition. 


Depression. 


Percentage | 


of alcohol. 


| Molecules of 
alechol to 
| 100CsH,Oy. 


Depression. 


3°814 
7°724 
11°735 
15 848 
20°111 
24 °406 
28 °858 


33 431 


7°424 
15 673 
24 ‘893 
35 °261 
47 (134 
60 *450 
75 °950 


94030 


33 °431 


38 °132 
42-964 
47 ‘936 


53-051 
58 “314 


Taste XV.—Depression of the Freezing Point of Acetic acid by Ethyl 
Alcohol. 


Composition. 


Percentage 
of 
alcohol. 


Molecules of | 
alcohol to 
100C,H,O,. | 


Composition. 


Depression. 


Percentage 
of 
alcohol. 


Molecules of 
alcohol to 
100C,H4O.. 


Depression. 


‘176 

2 °248 
3 °509 
604 
"944 
187 
213 
324 
‘270 

20 °165 
© “909 
“465 
245 
"826 
33 °227 


ee 


35°775 


‘999 
743 
"295 
"241 
"629 
*470 
‘804 
*224 
32 939 
“755 
“555 
*335 
“116 
"895 
644 


| 
1°556 | 
| 
| 


*850 
"492 
*422 
“424 
“474 
976 
243 
611 
268 
"215 
‘076 
*882 
“O41 
"489 
586 


37 
40 
48 
46 
48 
50° 
53 
55 
58 
61 
63 
65 
63 
71 
73 


79 439 
88°960 
100°09 
112 ‘3 
122 ‘69 
135 *61 
148 -50 
162 °72 
182-09 
205 °83 
222 °78 
251 °83 
277 °65 
327 ‘00 
363 *32 
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TasLeE XVI.—Depression of the Freezing Point of Acetic acid by Propyl 
Alcohol. 


Composition. Composition. 


Depression. Depression. 


Percentage | Molecules of Percentage Molecules of 
of alcohol to of | alcohol to 


alcohol. 1000,H,0,. alcohol. | 100U,H,O). 


3 °980 48 °036 92 °425 

8-403 
13°346 
18°904 
25 *206 
32 °408 
40°719 
50°416 
61 ‘871 


6 °829 

7°753 
11-776 
15 ‘901 
20 °134 
24°479 
28 940 
33 521 
38 *227 


113 “99 
140-43 


53 273 
58°411 


62 '408 16599 
226 ‘84 
302 °47 


69 °407 
75 156 


75 °599 81 -U89 418 ‘91 


43 ‘061 


Tass XVII.—Depression of the Freezing Point of Acetic acid by 
Ethyl Ether. 


Composition. Composition. 


Depression. 


Percentage 
of ether. 


Molecules of 
ether to 


1000,H,03. 


Depression. 


Percentage 
of ether. 


Molecules of 
ether to 
100C0,H,O,. 


69 69 
77°02 
84°36 
92°43 
103 *4 
116° 


126° 


on 
I 


872 
*706 
696 
3 °576 
4°676 


1 ‘074 
2°061 
3°218 
4°225 
5 °454 
7°531 | 
1G 244 
13 *246 
16 °016 
18 *749 | 
21°351 
23 °791 
26 °455 
28 *937 
31 °258 
33 °731 
35 °753 
38 °438 
41 °221 
44 °189 
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Taste XVIII.—Depression of the Freezing Point of Acetic acid by 
Carbon Bisulphide. 


| 
Composition. | Composition. 


Depression. | 
Molecules of Molecules of 
Percentage OS, to Percentage C3. to | 


of C82. ! 100C,H,O>. 


Depression. 


1°877 1°549 
3°421 2-870 
5 °533 4°745 
7209 6 °294 
9°222 | 8 *230 
12°543 | 11°619 
16°888 , 16°461 
21°194 21-787 


oe OD aT 
AAadwsoegane 
SER SRSSe 


QOuokhwndsNr oO 


TaBLE XLX.—Depression of the Freezing Point of Acetic acid by Acetic 
Anhydride. 


Composition. | Composition. 


a Molecules of | Depression.| Percentage Molecules of Depression. 
of | (CzH30):0 | of — | (C:H,O),0 
to anhydride. t 


7 7 7 
anhy dride. ' 100C,H,O5. 100C0,H,O>. 


84 °442 
93 *592 
104 °27 
111 °70 
124°11 
134 °76 
154 °26 
167 *95 
190 ‘36 
209 *78 
225° 02 
251°59 
270 °48 
291°59 
312 -67 
335 °10 
380 °59 
481 °20 
522 °45 
641 ‘97 
724°98 
832°59 


ou 
“J 
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TaBLe XX.—Depression of the Freezing Point of Acetic acid by 
Sulphuric acid. 


Percentage of Molecules of 
sul yeaah sulphuric acid Depression. 
me ‘| to 10003H,0>. 


2-681 “686 

5 067 “266 

7°780 ‘163 
10 065 “848 
12 °767 ‘956 
17°124 "644 
22 642 | “912 
27 °923 “706 
32 ‘606 “606 
36 *923 *822 . 
40 *784 2-144 None at 45. 


CoaKcnwnwreso 


Taste XXI.—Depression of the Freezing Point uf Acetic acid by Water. 


Composition. Composition. 


Depression. : Depression. 
Percentage —— of 


folecules of 
Percentage | H.O to 


100C,H,O>. of water. 100C,H,0.. 


° 


15971 63 *348 
18 °572 76 016 
016 88-684 
3°319 101 °36 
25-491 114-03 
‘671 543 126 °69 
‘838 ‘874 128 83 
005 | 032 157 -08 
340 | : 182 188 -96 
‘677 “666 228 -43 
‘ll . 5072 246° 20 
‘345 | = 15°50 -902 298 ‘86 
“846 : 52 684 334-08 


"584 
"180 
“751 
"334 
“501 


Std cho od 
Dm BO Or 


> 


o ®t 
a o 


+ Water crystallises from these solutions. 
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TaBLE XXII.—Depression of the Freezing Point of Sulphuric acid by 
Acetic acid. 


Percentage of acetic _ Molecules of acetic 
acid. | acid to 1OUH,SQ,. 
t 


Depression, 


4 
a 


“921 1°519 "87° 
2°942 “80 

4 °651 27 

6 °169 16 

8 ‘068 27 

11°389 18 

16 °135 “44 


TabLE XXIIJ.—Depression of the Freezing Point of Naphthalene by 


Benzene. 


] 
Percentage | Molecules — Percentage | Molecules | or 
of benzene. pressiOn-T of benzene. | to 100C\oHs.| ~ “P™°0"- 


35 250 30-217 
37-218 ' 32-46 
39-288 By 33 “96 
39 +289 : 34°19 
41 *405 3° 86°23 
“402 ‘93 =| = 88 38 
025 29-16 38° 
‘986 | 
“392 
“399 
-183 
"167 
‘321 
3°193 
263 
*367 
‘203 
-239 
33-221 
64683 
66-942 


¢ 
S 


OnmT Ort Oe 


1° 
2° 
2° 
3° 
4°5s 
54 
6° 
8° 
9°45 


LXXII.—Sarcolactie acid obtained by the Fermentation of Inactive 
Lactic acid. 


By Professor Percy Franxtanp, Ph.D., B.Sc., F.R.S., and Jonny Mac- 
Grecor, M.A., late Forster Scholar in University College, Dundee. 


DurinG a number of years past, attempts have been made by one of us 
to induce the fermentation of lactic acid by means of specific micro- 
organisms which, like the Bacillus ethaceticus and the Bacillus ethaceto- 
succinicus, have the power of fermenting a variety of substances, but 
these endeavours have invariably failed. That lactic acid should 
thus prove to be a comparatively unfermentable substance is not 
remarkable when it is borne in mind that it is itself actually produced 
in larger or smaller quantity in a great number of fermentations. 

The fermentation of lactic acid has acquired a particular interest 
since the fermentative decomposition of the closely allied glyceric 
acid has led not only to the discovery of one of the two active 
glyceric acids predicted by theory, but to its preparation on what 
may be regarded as a large experimental scale (Trans., 1891, 59, 96). 

In the case of lactic acid, both the active isomers have been ob- 
tained in several different ways: thus the dextrorotary sarcolactic 
acid (yielding levorotary salts) occurs, as is well known, in the 
juices of muscular tissue, and it is also said to have been obtained in 
numerous impure fermentations, e.g., of dextrin, glucose, cane and 
milk sugar, &c., whilst more recently Nencki and Sieber (Monatsh., 
10, 532—540; Ber., 22, c. 695) have found it in a pure fermentation 
of dextrose. The levorotary lactic acid (yielding dextrorotary salts) 
has been similarly obtained by Schardinger in a pure fermentation of 
cane sugar (Abstr., 1591, 666). 

Both active lactic acids have also been obtained, although net in 
a state of purity, by Purdie and Walker by crystallising the strych- 
nine salts prepared from the inactive acid (Trans., 1892, 61, 754). 

An attempt was made to obtain an active lactic acid by selective 
decomposition of the inactive,acid by Lewkowitsch (Ber., 1883, 2720), 
who, after growing the mould Penicillium glaucum in a nutritive 
solution of ammonium lactate for some weeks, found that the liquid 
was dextrorotary, and therefore possibly contained an active lactic 
acid. Beyond this the investigation does not appear to have been 
pursued. 

This experiment was repeated by Linossier (Ber., 24, c. 660) with 
the opposite result, namely, that the residual lactic acid yielded levo- 
rotary salts. 
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In the course of fermentation experiments which we were carrying 
on in another connection, we obtained a bacterial growth which we 
found had the power of exciting a vigorous fermentation in suitable 
solutions of calcium lactate. We do not propose at this stage to enter 
into a detailed description of the micro-organisms in question or of 
the various products of the fermentation to which they give rise, but 
we shall at present confine ourselves to the manner in which this 
fermentation has lent itself to the preparation of one of the active 
lactic acids. 

Experiment I.—Two flasks containing a sterile solution of the fol- 
lowing composition :— 


Calcium lactate, 3 grums....... 

Peptone, 0°3 gram - (made up to 300 e.c. with 
Salt solution, 30 c.c. .......... distilled water. 
Calcium carbonate, 3 grams.... 


were inoculated with a minute quantity of a calcium lactate solution 
in active fermentation. On the sixth day after inoculation, both 
flasks were in vigorous fermentation. 

The solution in the first flask was allowed to ferment for one week, 
the liquid was then filtered from the excess of calcium carbonate, the 
filtrate evaporated down to a volume of about 12 c.c, and on being 


examined in the 200-mm. tube exhibited a rotation of —1-0°. 

The contents of the second flask was allowed to ferment during two 
weeks, after which it was treated similarly to the above; the filtrate, 
on being concentrated to 16 c.c., gave a rotation of —0°6°. 

In order to ascertain whether this activity was due to the presence 
of calcium dextrolactate (sarcolactate), we evaporated the liquid from 
the first flask nearly to dryness on the water-bath, added a large 
excess of alcohol, and filtered from some brown insoluble matter, 
which was again washed with alcohol. The alcoholic liquid was 
evaporated to dryness, the residue dissolved in hot water, filtered, and 
the filtrate made up to 12 c.c.; this, on examination in the 200-mm. 
tube, exhibited a rotation of —0°8°, thus showing that the activity had 
not been materially altered by the above treatment with alcohol. 

The calcium was then precipitated with oxalic acid in the united 
liquids obtained from both the above flasks, and, after removing the 
calcium oxalate, the filtrate was evaporated to a thick syrup. The 
latter was taken up with hot water, and treated with animal charcoal 
and an excess of zinc carbonate, with which it was boiled and then 
filtered. The filtrate was evaporated to a small bulk, and then placed 
in the desiccator to undergo slow evaporation. A number of small 
wart-like, but not visibly crystalline masses slightly yellow in colour 
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separated; the quantity, however, was too small for any accurate 
determinations to be made with it. 

Experiment II.—We now proceeded to attempt the preparation of 
the active lactate on a larger scale, 6 litres of the above 1 per cent. 
solution of calcium lactate being fermented at once. This liquid was 
allowed to ferment for 14 days from the time of the first appearance 
of bubbles of gas, and then filtered from excess of calcium carbonate ; 
the filtrate, after concentration to a volume of 1000 c.c., gave a 
rotation of about —0°3° in the 200-mm. tube. The calcium was now 
removed by means of oxalic acid, and the filtrate repeatedly evaporated 
on the water-bath to remove the whole of the volatile acids. The 
dark syrup remaining was dissolved in water, and treated with basic 
lead acetate as long as a precipitate formed, the latter was filtered 
off, and from the filtrate, which still gave a negative rotation in the 
polarimeter, the lead was removed by means of hydrogen sulphide. 
The filtrate from the lead sulphide, which was much less coloured 
than before, was evaporated to a syrup, and then transferred to a 
small bottle in which it was freed from water as far as possible by 
heating on a water-bath, whilst a current of air was aspirated through 
the bottle. The syrupy residue thus obtained was repeatedly ex- 
tracted with ether, the ether was removed by distillation, and the 
residue then remaining, and which should consist of the free active 
lactic acid, was made up to 10 c.c. with water, but on examination in 
the 200-mm. tube, practically no rotation was observed. On boiling 
with zine carbonate, filtering, and concentrating to about 12 c.c., 
however, a rotation of —1°0° in the 200-mm. tube was observed. A 
zinc determination was made in the contents of the tube by precipi- 
tation with sodium carbonate in the usual way, 0°1782 gram of ZnO 
being obtained from 9°59 c.c. of liquid, corresponding to 0°5346 gram 
anhydrous zinc lactate in this volume, from which follows the con- 
centration— 

0°5346 x 100 


a = 5°575 grams in 100 c.c. 


100 x —10 
d the sp. rot. = = -9 
and the sp. ro [a]p 1964 3 5375 9°04. 


This figure is in very fair accordance with that given by Wislicenus 
for zine sarcolactate, for the concentration 5°36, namely [a]p = 
—8'49°. 

The purification of the active substance described above, by ex- 
traction with ether in the acid solution, banishes, of course, any 
suspicion of the activity observed being due to the presence of 
peptone or other albuminoid substances. It is very possible that a 
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considerable quantity of the residue insoluble in ether may have been 
anhydride of sarcolactic acid, for on boiling this residue with zinc 
carbonate, a levorotary liquid was also obtained. 

We may, incidentally, mention that some of the volatile acids from 
this fermentation were converted into barium salts, which after 
drying at 130° were submitted to analysis with the following 


result :— 
0:2845 gave 0°2204BaSO, = 77°47 per cent. BaSQ,. 


From this it appears that the volatile acids produced in this fer- 
mentation consist mainly of butyric acid (barium butyrate yields 
749 per cent. BaSO,, barium propionate 82°33 per cent. BaSQ,), 
mixed with some of the lower acids of the fatty series. This matter 
will, however, form the subject of further investigation. 

Experiment III.—The previous experiments having yielded only a 
small quantity of sarcolactic acid, it was our next endeavour to 
ascertain whether the yield could not be increased by arresting the 
fermentation at an earlier stage. In this experiment, therefore, the 
6 litres of the 1 per cent. solution of calcium lactate were only 
allowed to ferment for four days after the first appearance of gas- 
bubbles, or eight days after inoculation. The fermented liquid was 
treated almost exactly in the same way as in Experiment II (the 
purification with basic lead acetate was, however, omitted), but only 
a very small quantity of sarcolactic acid was obtained, whilst a large 
quantity of inactive acid was found to have remained unchanged. A 
vigorous fermentation of four days’ duration is, therefore, obviously 
inadequate. 

Experiment IV.—As four days had proved insufficient in the 
previous experiment, the solution of calcium lactate (1 per cent.) 
was permitted to ferment for a whole week from the first appear- 
ance of gas-bubbles. The subsequent treatment of the fermented 
liquid was similar to that previously described. The zinc salt, after 
repeated crystallisation, consisted of small, colourless, wart-like 
masses, exhibiting no distinct crystalline form to the naked eye, but 
seen to be composed of minute, prismatic needles when examined 
with the microscope. 

Of this purified zinc salt (rendered anhydrous at 104° C.), 
11343 gram was obtained, and its solution was made up to 16°6 c.c. 
(corresponding to a concentration of 6°833 per cent.) ; on examina- 
tion in the 200-mm. tube, this gave a rotation of —1°05°, from which 
follows the specific rotation 


. 
[al> = Joga x 6655 
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which corresponds very closely with that given by Wislicenus for 
zine sarcolactate and a concentration of 6°51 per cent., namely, 


[2]p = —7'83°. 


Experiment V.—In this experiment, a 3 per cent. solution of 
calcium lactate was substituted for the 1 per cent. solution employed 
in the previous experiments. The fermentation was interrupted 
after it had been proceeding for seven days from the first appear- 
ance of gas-bubbles. 

The residual lactic acid was converted into, zinc-salt as usual, and 
the latter, although mainly composed of the sarcolactate, also con- 
tained some inactive lactate, from which, however, it was easily 
separated by repeated crystallisation. Thus the following polari- 
metric result was obtained with some of the purified active zinc 
salt. 

(2)p = — 0°83°, 2 = 198'4 mm., c == 4°706 per cent. anhydrous zine 
lactate, from which follows 


_ 100 x —083 _ ag 
LaJ> = Teen x 706 ~~ °* 


Another specimen gave the following polarimetric results. 


(a4)p = —0°55, 2 = 198°4 mm., ¢c = 3°42 per cent. anhydrous zinc 


lactate, from which follows 


_ 100 x —055 _ age 
lt = tr gan = ~ 9% 


The specific rotations given by Wislicenus for zinc sarcolactate, 
using different concentrations, are the following. 


e = 13°98 per cent. anhydrous salt. [a])p = —7:30 
9°60 ” . 7°29 
651 ” : 7°83 
5°36 “ ‘ “ 8-49 
4°75 " ” 0 8°43 
458, 8°73 


results which agree, therefore, very closely with those obtained with 
our own preparations. 
In the above specimen of active zinc salt, the zinc was determined 
with the following result. 
0°6318 gram of Zn salt, dried at 100—101°, yielded, on incinera- 
tion with nitric acid, 0'2110 gram of ZnO, corresponding to 
26°84 per cent. Zn, whilst for Zn(C;H;0;). the calculated per- 
centage of zinc is 26°90. 
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We also determined the rotation in a stronger solution of this 
specimen of the active zinc lactate, with the following result. 
(a)p = —1°65°, 1 = —198'4 mm., c = 11°765 per cent. anhydrous 
salt, from which follows 
— 100x —165 _  n.4 
[lo = ropa x res = 
In order to further establish the identity of our zine salt with that 
of sarcolactic acid, we have also determined the water of crystallisa- 
tion and zinc in a crystallised specimen with the following results 
0°4148 gram of crystallised zinc salt lost 0°0535 gram on being 
dried until constant at 105°, and yielded, on incineration 
0°1208 gram ZnO, from which follows. 


Calculated for 
Found. (C;H;0;).Zn + 2H,0. 


12-90 per cent. 12°88 per cent. 
” 2343 


These figures demonstrate the absolute purity of our zinc salt, as 
any admixture of inactive salt would have materially altered the 
percentages, since the inactive zinc lactate crystallises with 3H,O, 


thus 
Calculated for 


(C3H;O3),Zn + 3H,0. 
18:15 per cent. 


” 


Caleiwm Sarcoluctate—We have also converted the above active 
zinc lactate into the calcium salt by precipitating the zinc with 
sulphuretted hydrogen, filtering off the zinc sulphide, and then 
boiling the filtrate with calcium carbonate. The solution of the 
calcium salt was then concentrated to suitable bulk for polarimetric 
examination, the precise quantity of calcium salt present in a given 
volume being determined in an aliquot part by evaporation and con- 
version into calcium sulphate. 

The following result was obtained. 

(2)p = —0°63°, 1 = 198'4 mm., c = 5°790 per cent. anhydrous salt, 
from which follows the specific rotation 


_ 0x 08. 
[“}> = F993 x 79 ~~ 48 


The only previously recorded rotation of calcium sarcolactate is 
that given by Wislicenus for a concentration of 5°35 per cent. 
anhydrous salt, namely, 


[a]p = — 525°. 
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The two results are, therefore, very closely coincident, and con- 
stitute an important confirmation of the identity of our active acid 
obtained by fermentation with the previously known sarcolactic acid. 

In the fermentation in question, therefore, the bacteria have, in 
decomposing the inactive calcium lactate, attacked the dextro- 
rotary molecules by preference, leaving the levorotary molecules, or 
calcium sarcolactate, in the free state. If the fermentation is not 
interrupted, the levorotary molecules are apparently also attacked 
and destroyed by the fermentative activity of the bacteria. 

This fermentation of calcium lactate is, therefore, very similar to 
that of calcium glycerate by the Bacillus ethaceticus, in which also 
the dextrorotary molecules were attacked by preference, the levo- 
rotary calcium glycerate remaining as a residue. In this fermen- 
tation of calcium glycerate we have observed a most striking 
example of adaptation, for when the study of this fermentation was 
commenced by one of us some years ago, it was found that the 
Bacillus ethaceticus left practically the whole of the levorotary 
calcium glycerate untouched, only decomposing the dextrorotary 
molecules, but by continuous cultivation of the bacillus in solutions of 
calcium glycerate over a long period of time, its power of fermenting 
this substance has become so greatly increased, that if the fermenta- 
tion is now allowed to ran its course without hindrance, the yield of 
levorotary calcium glycerate is very much smaller than it used to be. 
In order, therefore, to obtain a more satisfactory yield of the levo- 
rotary calcium glycerate, we now adopt one of the two following 
methods ; the first consists in interrapting the fermentation, after it 
has proceeded for such a length of time as experience leads us to 
believe will have sufficed for the destruction of the dextrorotary 
calcium glycerate without the decomposition extending to the 
levorotary molecules, whilst in the second method we inaugurate 
the fermentation by inoculating with ethacetic bacilli, which have 
hitherto been strangers to solutions of calcium glycerate. 

The results of our investigation may be summarised as follows. 


1. By the interrupted bacterial fermentation of ordinary inactive 
calcium lactate, we have obtained a liquid exhibiting a 
negative rotation in the polarimeter. ' 

2. From this liquid we have extracted the residual lactic acid, and 
on converting the latter into the zinc salt, we have by frac- 
tional crystallisation obtained a levorotary zinc lactate, which 
from its chemical composition and specific rotation proved to 
be pure zinc sarcolactate. 

3. This zinc salt was converted also into a calcium salt possessing 
the same specific rotation as calcium sarcolactate. 
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4. When the fermentation was interrupted too early, the active 
was found to be mixed with a large quantity of inactive 
lactate, whilst when the fermentation was too long continued, 
the active lactate was also destroyed. 


We propose continuing the study of this fermentation in the hope 
of obtaining such quantities of sarcolactic acid as will permit of the 
preparation of sarcolactates for optical comparison with the 
numerous active glycerates which we have already described. 


University College, Dundee, 
St. Andrews University. 


LXXIII. —Siudies on Citrazinic acid. Part I. 
W. J. Sevt and T. H. Easterriecp. 


Iv 1884, Behrmann and Hofmann (Ber., 17, 2681) announced that, by 
the action of sulphuric acid on the citramides, a pyridine derivative had 
been obtained to which the name citrazinic acid was given. Since then, 
however, this interesting substance has been but little investigated. 
Ruhemann (Trans., 1887, 51, 403) has shown that the amide of 
citrazinic acid may be obtained from acetotriethylic citrate and also 
(Ber., 20, 3366) from ethylic aconitate by the action of strong aqueous 
ammonia; he has also described chloro- and bromo-derivatives of the 
amide and their reactions with aniline. Schneider (Ber., 21, 670) 
states that citrazinic acid is formed in the action of ammonia on 
methylic aconitate, but this is disputed by Ruhemann. 

Lovén (Ber., 22, 3053) confirms Ruhemann’s experimental results, 
but holds different views as to the probable mechanism of the 
reaction. 

In a previous paper, we have shown (Trans., 1892, 61, 1008) that 
acetanhydrocitric acid* gives a good yield of citrazinic acid when 


* Ina recent note (this vol.,699), Klingemann draws attention to the fact that he 
had obtained acetanhydrocitric acid two years before the publication of our paper, 
and had described “at least” one of the reactions mentioned by us. He also 
asserts that we state the cause of the error in the melting point of citrodianilic 
acid given by Pebal to be “most probably” a misprint. As a matter of fact, we 
stated the error to be “ possibly” due to a misprint, and did so willingly at the sug- 
gestion of the Editor of this Journal, wishing to give to Pebal all possible credit. Dr. 
Klingemann’s note appears to us scarcely called for, since we had already expressed 
to him our intention of acknowledging in the present paper the priority of his 
claim, 


tad 


1036 SELL AND EASTERFIELD: 


treated with aqueous ammonia at 120—130°, and that the amides and 
ethereal salts of citric acid, as well as the anhydride of aconitic acid, 
yield the same product under the same circumstances. 

Evidence has already been brought forward (loc. cit.) that the form- 
ation of citrazinic acid is intimately connected with the ethenoid 
linking of aconitic acid, and the authors consider, on the whole, that 
the formula COOH-C< EH COHN most simply explains the 
formation of the acid from aconitic derivatives. This formula is, of 
course, “‘tautomeric” with one of those suggested by Lovén, 
cooH-c<CH-C(OH) Nn which might, of course, just as well be 

CH:-C(OH)~ ~’ ’ . 
written centrically. The assumption of some such tautomerism is 
necessary in order to explain many of the reactions of citrazinic acid, 
and such an assumption is tacitly made by Ruhemann in the formula 
assigned by him to trichlocitrazinamide. 

The present investigation was begun with the object of ascertaining 
the nature of the reaction which takes place between citrazinic acid 
and potassic nitrite, but the work has expanded in many directions 
and is by no means complete. In this paper, the following are the 
chief points dealt with :— 

1.—Preparation of citrazinamide, its diacetyl derivative and alkali 
salts. 

2.—The acid and normal alkali salts of citrazinic acid. 

3.—Trichlorocitrazinic acid and its reaction with phenylhydrazine. 

4.—The action of diazobenzene chloride on citrazinic acid to forma 
bright red hydrazone capable of yielding metallic salts. 

5.—The reaction of citrazinic acid with nitrous acid under various 
conditions ; a nitroso- (?) and isonitroso-compound are formed, the 
latter being an unstable substance easily converted into a beautiful 
yellow acid by oxidation. Both the isonitroso-compound and its oxid- 
ation product are easily converted into quinhydroketopyridine, the 
solution of which is intensely blue. The quinhydro-derivative is 
easily oxidised to the corresponding quinone, and the reverse change 
can be effected as in the case of benzoquinone. 

It is to be distinctly understood that the constitutional formule 
assigned in this paper are not to be regarded as definitely settled. 
They express in the simplest manner the reactions and methods of 
formation of the various products so far as our present knowledge 
extends. 


Preparation of Citrazinamide. 


Though several of the methods above mentioned give a good yiel'l 
of citrazinic acid, none of them, with the exception of that proposed 
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by Behrmann and Hofmann, are suitable for the production of large 
quantities of citrazinic derivatives, the use of strong ammonia at 
temperatures above 100° excluding those processes in which the best 
yield is obtainable. 

Recognising the fact that citrazinic acid or its amide is produced in 
all ordinary cases where the opportunity is given for the formation of 
aconitamides, it seemed probable that by fusing citric acid with urea, 
citrazinic acid or its amide would be formed; this we have found to 
be the case. The details of the process are as follows :— 

Dry citric acid (1 mol.) is well mixed with urea (3 mols.), and the 
mixture heated in a retort in an oil-bath at a temperature of 
155—160°. Ammonium carbonate, carbamate, and water distil over, 
and the contents of the retort become almost solid in one to two 
hours. The light brown product is dissolved in water and acidified 
with acetic acid ; this produces a precipitate which consists chiefly of 
citrazinamide. The amide is most readily purified by dissolving it 
in sodium carbonate, filtering, and reprecipitating by acetic acid. 
Upon the filter there remains a small quantity of a humus-like sub- 
stance which dissolves easily in caustic alkalis, giving a strongly 
fluorescent, greenish-red solution. The yield of analytically pure 
citrazinamide obtained by this method is about 25 per cent. of the 
citric acid taken. 

If a smaller proportion of urea be taken than that indicated above, 
both the yield and purity of the product will be affected. The amide 
is then contaminated with a small quantity of a substance which dis- 
solves in alkalis with blue fluorescence and reduces the percentage of 
nitrogen in the compound. This is probably citrazinic acid, but was 
not isolated ; the amide can readily be purified from this substance 
by a third precipitation by acetic acid from a solution in excess of 
alkaline carbonate, as a test experiment taught us that though a small 
excess of acetic acid at once precipitates citrazinamide from its solu- 
tions in excess of carbonate of soda, citrazinic acid is not usually 
precipitated until a mineral acid has been added. The amide gave 
the following results when analysed. 


0156 gave 0°0567 H,O and 0°2718 CO,. C = 46°72; H = 3°97. 
0'0672 gave 58°87 c.c. dry CO, and 9°81 c.c. dry nitrogen, corrected 
to 0° and 760 mm. (vacuum process). C = 47:08; N = 18:13. 

C.H,N,O; requires C = 46°75; H = 3°90; N = 18:18 per cent. 


The identity of the amide with that described by Ruhemann was 
proved by a comparison of the barium salts. Ruhemann describes 
the barium salt as containing 2 mols. H,O, but apparently this 
description applies to the salt dried at 100° or ina vacuum. We 
find that the air-dried barium salt prepared through Ruhemann’s 
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amide, or through our own, contains 6H,0; 4 of these are rapidly 
given up in a vacuum or at 100°; bat in a vacuum the salt does 
not become constant in weight until nearly the whole of the water 
has been expelled. 

Analysis of the air-dried barium salts. 


a, from amide from acetyl derivative. 


0°5265 gave 0°2142 BaSQ,. Ba = 24°87. 
02270 ,, 00824 H,O and 02208 CO, C = 2652; H = 403. 


B, from urea process. 


0°5814 gave 0°2432 BaSO,. Ba = 2459. 

01822 ,, 0°0663 H,O and 0:1785 CO,. C = 2666; H = 404. 

09617 ,, 85c.c. dry nitrogenat11°7° and 750mm. N=10°'3. 

Ba(C,H;N,0,).,6H,0 requires C = 26:11; H = 3:99; Ba = 2482; 
N = 10°16 per cent. 


When the amide was boiled with strong hydrochloric acid or pre- 
ferably warmed on the water-bath with an excess of caustic alkali, 
it was converted into ordinary citrazinic acid. In passing, we may 
mention that an aqueous solution of citrazinic acid is not fluorescent, 
but becomes so on the addition of an alkali or alkali carbonate. 


Diacetyleitrazinamide. 


Ten grams of citrazinamide were boiled with 50 grams of acetic 
anhydride until complete dissolution took place; the crystals which 
separated on cooling, after being washed with ether and recrystallised 
from alcohol with the addition of animal charcoal, were obtained as 
colourless prisms melting at 183—185° with decomposition. The 
compound is very stable (quite different in this respect from diacetyl- 
citrazinic acid, which cannot be recrystallised), and when recrystal- 
lised from water or alcohol, showed no change in melting point. 


0°1606 gave 0°0595 H,O and 0°2983 CO, C = 50°65; H = 414. 
0°2272 ,, 23°45 c.c. dry nitrogen at 18° and 767 mm. N = 11°92. 
C.H,(C,H;0).N,0; requires C = 50°42; H = 420; N = 11°76 p.c. 


Citrazinate of Citrazinamide.—From an alkaline solution containing 
equal quantities of citrazinic acid and citrazinamide, acetic acid at 
once precipitated citrazinamide contaminated with some citrazinic 
acid. (The precipitate contained 16 per cent. nitrogen; citrazinic 
acid contains 9 per cent., the amide 18 percent.) The mother liquor, 
on standing, yielded a feathery mass of nearly colourless needles 
which, on analysis, gave numbers agreeing with the formula 
C,.H;NO,,C,.H.N,0;,. 
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0°1572 gave 0°0535 H,O and 0°2675 CO, C = 4640; H = 377. 
01446 ,, 17 c.c. dry nitrogen at 15° and 749mm. N = 13°61. 
Cy.HuN;0, requires C = 4660; H = 3°56; N = 13°59 per cent. 


Alkali Salts of Citrazinamide. 


The ammonium salt of citrazinamide is comparatively sparingly solu« 
ble, and in strong ammonia very sparingly soluble. 1 c.c. of strong 
ammonia diluted with 6 c.c. of water was added to 1 gram of citr- 
azinamide and solution effected by boiling the liquid. When the 
filtered solution was cooled, about 0°5 gram of ammonium salt was 
deposited in the form of minute, yellow, shining crystals, which were 
washed with strong ammonia, then with absolute alcohol, and finally 
dried in a current of air. 


0°1022 gave 0°0510 H,O and 0°1598 CO,. C = 42°64; H = 5°54. 
01385 ,, 29 c.c. moist nitrogen at 18°and 770mm. N = 24°49. 
C.H.N.0;,NH; requires C = 42°10; H = 5:26; N = 24°50 per cent. 


Ruhemann (Trans., 1887, 51, 405) noticed that during the formation 
of citrazinamide from acetylic ethylic citrate, a small quantity of 
minute, yellow crystals was deposited which he believed to be citr- 
amide. On preparing citrazinamide by his method, we were struck by 
the resemblance of the small crystals in question to the ammonium salt 
of citrazinamide. The crude substance contained 3 per cent. less 
nitrogen than is required by theory, but it at once gave off ammonia 
when treated with cold, dilute potash, and its filtered aqneos solu- 
tion deposited very pure citrazinamide when acidified with acetic 
acid. The citrazinamide was analysed with the following results. 


0:077 gave 0°0297 H,O and 0°1315 CO. C = 46°57; H = 4°28. 
00948 ,, 146 c.c. dry nitrogen at 15° and 771mm. N = 18-29. 
C.H,N,O; requires C = 46°75; H = 3°90; N = 18°18 per cent. 


Potassium Salt of Citrazinamide, CSH;KN,0;.—This was prepared 
by dissolving the amide in a slight excess of strong potash, and 
adding alcohol until the liquid became turbid. The filtrate was then 
allowed to remain for four hours, when it had set to a mass of needle- 
shaped crystals ; these were washed with alcohol, dried in a vacuum, 
and analysed. 


0°1115 gave 0°0514 K,SO,. K = 2069. 
C.H;KN,O; requires K = 20°36 per cent. 


Sodium salt, CsH;NaNO;,2H,0, was slowly precipitated in granular 
crystals on adding alcohol to a solution of the amide in dilute caustic 
soda, 
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0°4260 lost 0°0720 H,O at 120°, then gave 0°1400 Na,SO,. H,O = 
16°90; Na = 10°64. 
C,H;NaNO;,2H,0 requires H,O = 16°98; Na = 10°84 per cent. 


The Alkali Salts of Citrazinic acid. 


Behrmann and Hofmann (loc. cit.) point out that the metallic salts 
described by them leave much to be desired; indeed up to the 
present no well defined metallic salt of citrazinic acid has been 
analysed, and no acid salts have been described. As a matter of fact, 
the acid sodium and ammonium salts are comparatively sparingly 
soluble, and the normal alkali salts, though very soluble in water, 
are easily precipitated from their concentrated solutions by the addi- 
tion of alcohol. 

The Diammonium Salt, CsH;NO,,2NH;,H,0.—This was precipitated 
by means of alcohol. Since the ammoniacal solution of the acid 
rapidly becomes dark blue on standing, it is advisable to perform the 
preeipitation with a large excess of alcohol, otherwise the slowly 
formed crystals will be of a greenish-blue colour. The air-dried salt 
was analysed. 


0°1338 gave 0°0764 H,O and 0°1709 CO,. C= 3483; H = 634. 
00882 ,, 15°5c.c. moist nitrogen at 16° and 754mm. N = 20°30. 


C.H;NO,,2NH;,H,0 requires C = 34°78; H = 6:28; N = 20°28 p. c. 


The Acid Ammonium Salt, C,;H;NO,,NH;,H,O.—Behrmann and 
Hofmann state that, on evaporating an ammoniacal solution of citr- 
azinic acid, the acid is regenerated. We found, however, that the 
residue left on boiling off the water, though resembling citrazinic 
acid in appearance, was completely soluble in hot water, from which 
it readily crystallised on cooling. The experiment was performed in 
an atmosphere of hydrogen on account of the ease with which the 
ammoniacal solution absorbs oxygen from the air. The residue, 
after boiling off the water, was heated to 120°, and then recrystal- 
lised ; it proved to be the hydrated monammonium salt. 


0°125 gave 0°0580 H,0 and 0°1757 CO,. C = 38:32; H = 5:15. 
01292 ,, 165c.c. dry nitrogen at 16° and 760 mm. N = 149. 
Calculated, C = 37°90; H = 5:26; N = 14°70 per cent. 


The normal potassium salt, CsH;K,NO,, is precipitated by alcohol as 
yellowish-white needles. Analysis was made of a specimen dried at 
100°. 

0°1540 gave 0°1165 K,SO,. K = 33°97. 

01279 ,, 66c.c. dry nitrogenat 17° and 756mm. N = 5°96. 

Calculated, K = 33°82; N = 6-06 per cent. 
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Tie normal sodium salt, C;H;Na,NO,, was prepared in a similar 
manner to the corresponding potassium salt. When dried in a 
vacuum, it was anhydrous. 


0°1515 gave 0°1065 Na,SO,. Na = 22°77 per cent. 
Calculated, Na = 23°11 per cent. 


The acid sodium salt, C:HyNaNO,,2H,0, was prepared by adding to 
the acid, suspended in a small quantity of water, just sufficient soda 
to cause complete solution at the boiling temperature; the salt 
separated in the crystalline condition on cooling. 


0'2310 lost 0°0385 H,O at 110°, then gave 0°0775 Na,SO,. H,O = 
16°66; Na = 10°87. 
Calculated, H,O = 16°98; Na = 10°86 per cent. 


Trichlorocitrazinic acid. 


If chlorine is passed through water in which freshly precipitated 
citrazinic acid is suspended, it dissolves completely, and the liquid 
becomes warm. The temperature should not be allowed to rise 
above 50°, or the product is liable to be dark coloured. The pale 
yellow solution begins almost immediately to deposit trichlorocitr- 
azinic acid in beautiful rhombohedra which are already analytically 
pure, but may be recrystallised from alcohol or tepid water. The 
pale yellow substance contains 1H,O, which it loses at 100°; it is then 
practically colourless. 


0°3035 lost 0°0205 at 100°. H,O = 6°75 per cent. 
Calculated for 1 mol. H,O = 6°50 per cent. 


Of the dried substance 


0'1400 gave 0°011 H.O and 0°142 CO,. C = 2766; H = 0°87. 
02285 ,, 11:2 c.c. dry nitrogen at 16°and 764mm. N = 5°60. 
01082 ,, 01805 AgCl. Cl = 41°25. 

C,H,Cl,NO, requires C = 27°85; H = 0°77; N = 5°41; Cl = 41°20 p.c. 


When boiled for some time with water, the whole of the chlorine 
is eliminated from the acid; the products have not been studied. 

Action of Phenylhydrazine on the Trichlorinated Acid—When an 
excess of alcoholic phenylhydrazine is mixed with an alcoholic solu- 
tion of the trichlorinated acid and the liquid boiled, a bright scarlet 
precipitate gradually forms, consisting of well developed hexagonal 
plates ; this substance is only sparingly soluble in the ordinary 
menstrua. Analysis indicates that 2 mols. of the hydrazine have 
reacted with 1 mol. of the acid, 2 mols. HCl being eliminated. 
Though the view is undoubtedly open to criticism, we regard the 
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substance as the phenylhydrazine salt of hydrazochlorocitrazinic acid, 
C.H.(-(N-NHC,H;)-CINO,’C,H;NH-NH,. The following are the re- 
sults of analysis :— 


I. 0°1383 gave 0°0515 H,O and 02720 CO,. C = 53°63; H = 4:13. 
II. 0°1285 ,, 00475 . 02540 ,, C=5390; H= 410. 
IIT. 0°1550 ,, 23c.c. dry nitrogenat 16° and 770 mm. N= 17°5. 
[V.-0°2000 ,, 00704 AgCl. Cl = 870. 
CisHsN,Cl10, requires C = 53°82; H = 3°98; N = 17-4; Cl = 8°84 p.c. 


We propose to investigate in detail the reactions of trichloro- 
citrazinic acid. 


Tribromocitrazinic Acid.* 


A solution of bromine in acetic acid was added to warm water (at 
40°), in which finely divided citrazinic acid wassuspended. The citr- 
azinic acid dissolved readily, yielding a dark red solution; this was 
bleached on the addition of a slight excess of bromine, and the filtered 
liquid at once began to deposit almost colourless crystals, which bore 
a striking resemblance to those of trichlorocitrazinic acid. Like the. 
chlorinated acid, the substance is monohydrated. The following are 
the results of analysis :— 

Found, H,O = 421; C=1765; H=1:07; N=3°46; Br= 58:12. 
C,H,Br,NO,,H,O requires H,O = 439; C = 17:56; H = 0°97; 
N = 3°41; Br = 58°53. 

The water was determined by heating at 90° in a vacuum. The 
substance decomposes slowly when exposed to moist air at ordinary 
temperatures, and its solutions decompose so readily that it cannot 
be conveniently recrystallised from ordinary menstrua. 


Phenylhydrazocitrazinic acid. 


Quite in accordance with the behaviour which citrazinic acid 
shows towards chlorine are the reactions which the acid exhibits 
when treated with diazobenzene chloride or with nitrous acid (see 
below) ; in the former case, a hydrazo-compound is produced, and in 
the latter, an isonitroso-derivative. 

Citrazinic acid (1 mol.) was dissolved in excess of caustic soda 
solution, and the solution slightly acidified with acetic acid; to the 


* Tribromocitrazinic acid was not described in the paper when read before the 
Society on June 15th, for though the substance was at that time in our hands, we 
had not completed the analysis. A notice by Ruhemann in the Berichte for June 
26th, in which he proposes to brominate citrazinie acid, causes us to insert this 
description of the tribrom-acid, with the study of which we are still engaged. 
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ice-cold liquid, a solution containing diazobenzene chloride (1 mol.) 
and some free hydrochloric acid was added. A bright yellow pre- 
cipitate was immediately formed, and this, when recrystallised from 
water, proved to be the acid sodium salt of the hydrazo-acid. It con- 
tained 6 mols. H,O. 


0-1305 lost 0°036 at 110°, then gave 0°0235 Na,SO,. H,O = 27°58; 
Na = 5°82 per cent. 
C,.H,NaN,;O, + 6H,0 requires H,O = 27:76; Na = 5:91 per cent. 


The aqueous solution of the sodium salt gives crystalline precipi- 
tates with calcium and barium chlorides. The salt is much more 
readily soluble in dilute alkaline solutions than in water, being 
probably converted into a normal salt. The addition of dilute 
hydrochloric acid to the solution of the sodium salt in water, or 
indeed to the crude mother liquors obtained in the preparation, 
causes an immediate precipitation of the hydrazo-ucid in yellowish- 
red flocks; the substance was recrystallised twice from hot alcohol, 
and then gave the following aralytical data. 

0°1243 gave 0°0411 H/O and 0°2550 CO,. C = 55°94; H = 3°67. 

0097 ,, 141e.c. dry nitrogenat19°and 768mm. N = 16°6. 

C..H,N;O, requires C = 55°60; H = 3°47; N = 162 per cent. 

The acid chars at 230° without melting. 

The constitution of the hydrazo-acid is most simply expressed by 

C-COOH 


aN 
the formula HC -N-NHPh. Such a substance should, however, 


HOC CO 
V/ 
f 


easily yield a pyrazolone by elimination of the elements of water ; we 
have not yet succeeded in effecting this condensation. 


Action oF Nitrous acip ON CITRAZINIC ACID. 


Behrmann and Hofmann have shown that the production of an 
intense blue colour when citrazinic acid is added to a warm, dilute 
neutral solution of potassium nitrite is a characteristic test for this 
acid. The nature of this blue colouring matter being hitherto un- 
explained, we decided to examine the reactions between citrazinic 
and nitrous acids. These reactions are by no means of a simple 
nature, and vary considerably with the experimental conditions. 


Treatment with Potassic Nitrite in Acid Solution. 


When citrazinic acid is added to cold, dilute solution of potassium 
nitrite, no change of colour takes place, but if the solution is warmed, 
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the above-mentioned deep blue colour is produced. Experiments made 
with standard solutions of nitrite and citrazinate of potassium in 
presence of acetic acid showed that the deepest coloration occurred 
when the ratio of citrazinic to nitrous acid was about 2 mols. to 1. 
The presence of mineral acids does not interfere with the colour 
reaction, but excess of nitrite must be carefully avoided. 

If the deep blue solution prepared in the above manner be at once 
poured into excess of absolute alcohol, a dark blue, amorphous potas- 
sium salt separates; this salt dissolves readily in water yielding a 
blue solution, which, when acidified with dilute sulphuric acid, 
deposits magnificent, dark green crystals with metallic lustre not 
unlike the ordinary quinhydrone. 

If dilute sulphuric acid be substituted for acetic acid in the nitrite 
reaction, the bronze-green substance just described begins to sepa- 
rate as soon as the temperature approaches 100°. It may be recrys- 
tallised from a very large quantity of boiling water, to which it gives 
a fine blue colour, and from which it separates on cooling sometimes 
as hair-like needles, sometimes in short prisms ; when crystallisation 
is complete, the solvent remains practically colourless. The sub- 
stance is insoluble in ordinary menstrua, but dissolves readily in - 
caustic alkalis with an intense blue colour which is discharged on 
exposing the solution to the air. By acidifying the freshly made 
alkaline solution, the substance is obtained as a purple-red, finely 
divided powder ; it may be obtained in the same condition by diluting 
its solution in strong sulphuric acid, in which it dissolves readily. 
The yield is about 20 per cent. of the citrazinic acid employed. 

Analysis showed that the substance has the empirical formula 
C;H;NO;,H,0; it therefore contains 1 carbon atom less than the 
original citrazinic acid; indeed its production is attended by a con- 
tinuous evolution of carbon dioxide. The following are the results of 
analysis :— 


92042 lost 0°0267 H,O at 120° = 13:0. 
C;H;NO;,H,0 requires H,O = 12°6 per cent. 


Of the dry substance 

0°1592 gave 0°0355 H,O and 0°2779 CO,. C = 476; H = 2°47. 

071707 ,, 0°0372 » O38005 , C= 48:00; H = 2-42. 

01614 ,, 163c.c. dry nitrogen at 19° and 757mm. N = 11‘. 
C;H;NO; requires C = 48°00; H = 2:40; N = 11°20 per cent. 


Since it is only produced when the reaction takes place in a hot 
solution, it is highly probable that the substance is to be regarded as 
a decomposition product of an intermediate compound. Though the 
intermediate product could not be isolated in the above reaction, it 
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was readily obtained by the action of nitrous fumes on citrazinic acid. 
As shown below, the formation and reactions of the bronze-green 
derivative agree with the assumption that it is 2f’-quinhydro-a'-keto- 
pyridine, and it is to the formation of this substance that the charac- 
teristic nitrite reaction of citrazinic acid is due. 

If an excess of nitrite is used in the above reaction, and the solu- 
tion, after being acidified with sulphuric acid, is gradually raised to 
the boiling point and then allowed to cool, a yellow solution is 
obtained from which a considerable quantity of reddish-yellow crys- 
tals of the potassium salt of a new acid is deposited. These, after 
recrystallisation from boiling dilute hydrochloric acid with use of 
animal charcoal, became lemon-yellow. The salt is anhydrous. 


0°1679 gave 0°0652 K,SO,, corresponding to 17°40 per cent. K. 
C,H-KN,0; requires K = 17°72 per cent. 


When the potassium salt is dissolved in cold, strong sulphuric acid 
and poured into an equal volume of water, the corresponding acid is 
precipitated in silky needles of a sulphur-yellow colour. Analysis 
agrees with the formula C,H,N,0;,4H,0. 


0°8371 lost 02378 at 130° = 28°40 H,O. 
Calculated for 4 mols. HO = 28°34 per cent. 


Of the dried acid 

02535 gave 0°027 H,O and 0°3673 CO,. C = 39°48; H = 1°18. 
01763 ,, OO197 , 02555 ,, = 39°52; H = 1°20. 
01095 ,, 14 cc. dry nitrogen at 12° and 761mm. N = 15°67. 
C.H.N.0; requires C = 39°56; H = 1:09; N = 15°38 per cent. 


Treatment with Nitric Oxide in presence of Air. 


A slow current of nitric oxide evolved from copper and nitric acid 
(sp. gr. 1:2) was passed through water in which citrazinic acid was 
suspended, free access of air being allowed. The dark brown solution 
was filtered before the whole of the citrazinic acid had dissolved, and 
in a few hours the solution became light yellow, and deposited a 
large crop of yellow, leafy crystals of micaceous appearance. A 
second crop was obtained by spontaneous evaporation of the mother 
liquor. The substance can be recrystallised from hot, very dilute 
hydrochloric acid, from which, according as the temperature is high 
or low, it is deposited in spherical masses or glistening plates, the 
two forms being mutually convertible by recrystallisation. It is decom- 
posed by prolonged heating with water, but is more stable in dilute 
acid solution. Analysis agrees with the formula C,H,N,0;,H.0. 
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0°1555 (1st crop) lost 0-014 at 105°. H,O = 9:00. 
01792 (2nd ,,) ,, 0°016 ,, 100°. H,O = 8:93. 
Calculated for 1 mol. H,O = 8°91 per cent. 


Of the dried preparations 
0°1302 gave 0°027 H,O and 0°185 CO,. C = 38:94; H = 2°30. 
0°'1224 ,, 0°0255 H,O and 0°1777CO,. C = 39°54; H = 2°31. 
01085 ,, 13°5 .c. dry nitrogen at 13° and 772mm. N = 14°93. 
01185 ,, 15°3 cc. ‘ 15° and 761mm. N = 15°37. 
C,H,N,0; requires C = 39°13; H = 2:17; N = 15°21 per cent. 


The reactions of the substance have not been studied; it is readily 
decomposed by dilute sulphuric acid with formation of ammonium 
oxalate ; but other products of the change have been isolated, and will 
be described in a later paper. Provisionally, we assume that it is a 
nitroso-compound isomeric with the isonitroso-compound described 
below. 

After the mother liquor from the nitric oxide treatment had ceased 
to deposit the above-mentioned micaceous scales, crystals of quite a 
(lifferent character, and having a fungoid appearance, separated. 
These, on examination, proved to be the ammonium salt of the yellow 
acid C,H,N,0;,4H,0, previously obtained by the potassic nitrite treat- 
ment; the salt is anhydrous. 

01265 gave 0°029 H,0 and 0°1668 CO,. C = 35°96; H = 2°56. 
01755 ,, 32°5 c.c. dry nitrogen at 755 mm and 21°. N = 20°94. 
C.H,NH;N,0, requires C = 36:18; H = 2°51; N = 21°10 per cent. 


The aqueous solution of the ammonium salt deposited the character- 
istic yellow needles of the free acid when acidified with an excess of 
hydrochloric acid. For analysis they were dried at 120°. 


0°1587 gave 0°0175 H,O and 0°229 CO,. C = 39°33; H = 1°23. 
071454 ,, 194 c.c. dry nitrogen at 15° and 761mm. N = 15°88. 
C.H,N,0; requires C = 39°56; H = 1:09; N = 15°38 per cent. 


Treatment with Nitrous Fumes from Arsenious Oxide. 


When nitrous fumes evolved from arsenious oxide are bubbled 
through water containing a lurge proportion of suspended citrazinic 
acid (10 grams in 50 c.c. water), a crystalline precipitate is rapidly 
formed. The action is stopped as soon as the change appears to be 
complete, and the crystals are drained with the aid of a filter pump. 
It dissolves readily in cold alcohol, from which it separates on spon- 
taneous evaporation in greyish crystals; when washed with ether 
containing a little alcohol, most of the colour is removed, and the 
substance is sufficiently pure for analysis. The formula of the com- 
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pound is C,H,N,0,,H,0, and its formation may be represented by the 
following equation 


C,H;NO, + HNO, = C,H,N,0O; + H,0. 


Analysis of two different preparations gave the following results. 


0°169 lost 0°0145 at 110°. H,O = 8:58. 
0°3693 lost 0°0328 at 110°. H,O = 8:88. 
0°1236 gave 0°0348 H,O and 0°1642 CO,. C = 36:23; H = 3°12. 
01685 ,, 0°046 H,O and 0°2240 CO, C = 35:99; H = 3-01. 
0°1200 ,, 142 c.c. dry nitrogen at 15° and 754mm. N = 13°78. 
C,.H,N.0;,H,0 requires H.O = 8911; C = 35°64; H = 2°96; 

N = 13°86 per cent. 


The substance is slightly explosive; its solutions are exceedingly 
unstable, so much so that the recrystallisation of the crude substance 
is a matter of some difficulty. The mother liquors from the recrys- 
tallisation become black on standing, and deposit a small quantity of 
the bronze-green substance C;H;NO,,H,0 after a few days’ exposure. 
The same decomposition is at once brought about by warming the 
pure product with dilute sulphuric acid ; much carbon dioxide and a 
little nitrogen are evolved, and about 20 per cent. of the bronze- 
green substance is formed. 


0°2195 gave 19 c.c. dry nitrogen at 19° and 757 mm. N = 9°9. 
C;H,NO,,H,0 requires N = 9:7 per cent. 


Sulphuretted hydrogen causes a similar change, sulphur being 
deposited and ammonia produced, probably according to the equation 


C,H,N.O; + H,S + HCl = C,H;NO; + NH,Cl + CO, + Ss. 


If we assume that the substance C,H,N,0,;,H.0 is isonitroso- 
citrazinic acid, its change to the bronze-green derivative is easily 
understood, their relationships being indicated in the following 
manner. 

C,H,N;0,. 2(C;H;NO,). 
C-COOH CH CH 
Fin * 4\ 4» 

HC ¢:NOH HC co—O0e CH 
HOC 6:0 HOC CO OC GOH 
> af \Z \Z 
N N N 


The latter substance is, in fact, a ketoquinhydrone, and illustrates 
in a remarkable manner that analogy, first pointed out by Dewar in 
1871, between the benzene and pyridine derivatives. It is reduced 
by aluminium and hydrochloric acid or by hydrogen sulphide (in 
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boiling solution) to a colourless compound soluble in ether not yet 
obtained in an analytically pure state, as it passes rapidly back to 
the quinhydro-compound on exposure to the air. Nitric acid at once 
oxidises the quinhydro-compound to the corresponding quinone, a pale 
yellow substance easily isolated on account of its sparing solubility. 
The quinone becomes reddish-brown when exposed to light, and when 
boiled with water it darkens; if placed on the skin, it produces a 
dirty blue stain, a faint foetid odour being developed. Dried in a 
vacuum at 100°, it has the formula C,H,NO,, and must be regarded as 

CH 

ie 


“i. O 
a quinoketopyridine, a 0° 


\4 

N 
01095 gave 0°0185 H,O and 0°1923 CO,. C = 47:96; H = 1°71. 
071104 , 00170 ,, , O1945 , C= 48:04; H = 1°87. 
01570 ,, 143 c.c. dry nitrogen at 16° and 773mm. N = 10°9. 
C;H,NO; requires C = 48°38; H = 1°61; N = 11°28 per cent. 


Reducing agents such as sulphurovs acid or ordinary hydroquinone. 
at once reconvert the quinone to the quinhydrone, a sample of which, 
prepared by the latter of these methods and dried at 100°, contained 
11°22 per cent. of nitrogen. 


Calculated for the quinhydrone = 112 per cent. nitrogen. 


Similarly, when a solution of the colourless reduction product of 
the quinhydrone is mixed with a solution of the quinone in dilute 
hydrochloric acid, splendid crystals of the quinhydrone are de- 
posited. 

The presence of a hydroxyl group in the quinhydrone is shown by the 
fact that when boiled with acetic anhydride, a monacetyl derivative 
is formed. It crystallises from the anhydride on cooling in well- 
formed rhomboidal plates having the composition C;H,(C,H;0) NO. 


0°1251 gave 0°0363 H,O and 02313 CO,. C = 5042; H = 3:22. 
C,H;NO, requires C = 50°30; H = 2°99 per cent. 


Oxidation of Isonitrosocitrazinic acid.—The isonitroso-acid is readily 
oxidised by nitric acid, much nitric oxide being evolved and 2 atoms 
of hydrogen being eliminated. The product was found to be the 
yellow acid C,H.N,0O;,4H.0, already mentioned in our account of the 
action both of nitrite and of nitric oxide on citrazinic acid. It is also 
produced if the action of nitrous fumes (from arsenious oxide) on 
citrazinic acid be continued long enough to dissolve the isonitroso- 
compound first formed; the latter is, in that case, largely converted 
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into the ammonium salt of the yellow acid. The conclusion that 
the acid obtained by these methods was identical with that found by 
those previously described was confirmed by a determination of the 
water of crystallisation. 


In specimen by excess N,Q; on citrazinic acid, H,O = 28°05 per cent. 
* »  HNO;onnitroso-compound ,, = 2845 _ ,, 
Calculated for 4 mols. ,, = 28°34 ,, 


Since the action of a small quantity of potassium nitrite in acid 
solution gives rise to a blue colour owing to the production of the 
quinhydro-derivative, whereas excess of nitrite gives the yellow acid 
now under consideration, and since isonitrosocitrazinic acid decom- 
poses readily in acid solution into the bronze-green quinhydrone, but 
is oxidised by nitric or nitrous acid to the yellow acid, we are forced 
to the conclusion that in the well-known nitrite colour reaction the 
isonitroso-compound is first formed, and that the subsequent pheno- 
mena are due to its decomposition. 


Turning now to the properties of the yellow crystalline acid, we 
find that, though it contains only 2 atoms of hydrogen, it is a strong 
bibasic acid and its salts crystallise well. With solutions of potassium 
and ammonium chlorides, it at once yields precipitates of the acid 
salts of these metals. The acid is slightly explosive, and this cha- 
racteristic is intensified in the silver salts. It is very soluble in 
water and in alcohol, almost insoluble in concentrated hydrochloric 
acid, insoluble in benzene and ether. When treated with stannous 
chloride and the tin removed by sulphuretted hydrogen, it is appa- 
rently converted by reduction and loss of carbon dioxide into the 
hydroquinoneketopyridine, for, on exposing the solution to the air, it 
turns blue, and the quinhydrone is deposited. 


0:0858 gram of the product, dried at 100° and burnt in a vacuum, 
gave 76°03 c.c. CO, and 7°96 c.c. dry nitrogen, both corrected to 
0° and 760mm. C = 47:56; N = 11°67. 

The quinhydrone C;H;NO, requires C = 48°00; N = 11:2 per cent. 


When the yellow acid is treated with excess of ammonia, its colour 
disappears, and it apparently takes up the elements of water, for, on 
evaporating the solution nearly to dryness, an ammonium sait sepa- 
zates in colourless, silky needles having the formula C,H,N,O,,2NH;, 
insoluble in alcohol. Analysis :— 


0124 gave 0°0485 H,O and 0°1416 CO,. C = 31:13; H = 4°34. 
01625 ,, 00575 ,, ,, 01838 ,, C = 30°84; H = 3°93. 
01615 ,, 33°4c.c. dry nitrogen at 17° and 766 mm. N = 24°1. 
CsHioN,Og requires C = 30°76; H = 427; N = 23°9 per cent. 
VOL. LXUII. 4B 
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This salt is quite different from the ammonium salt of the yellow 
acid. With barium chloride, it yielded a corresponding barium salt 
in colourless, silky needles. 

02293 lost 0°0263 H,O at 138°, then gave 0°1413 BaSO,. Ba = 35:92; 
° H,0 = 11°44. 

C,H,BaN,0,,23H,0 requires H,O = 11°84; Ba = 36°05 per cent. 

An attempt to set free the new acid from its salts gave rise to a 
blood-red solution, from which nothing but ammonium oxalaie could 
be obtained. 


Salts of the Yellow Acid C,H,N,0;,4H,0. 


The ammonium and potassium salts of this acid have been de- 
scribed, for it was in the form of these sparingly soluble salts that our 
attention was first drawn to the acid itself. 

The monargentic salt, C;SHAgN.O;,2H,0, was prepared by adding 
silver nitrate to a solution of the potassium salt in hot dilute nitric 
acid. On cooling, it separated in yellow, acicular plates. 


0°2614 lost 0°0289 H,O at 130°. H,O = 10°97. 
0°4203 gave 0°185 AgCl. Ag = 33°11. 
C,H,N,0;,2H,0 requires H,O = 11°06; Ag = 33°23 per cent. 
The diargentic sult, CsAg,N.O;, was prepared by precipitating the 
hydrogen potassium salt with silver acetate; it forms a sulphur- 
yellow, highly explosive powder. 
0°3792 gave 0°0042 H,O and 0°2500 CO,. C = 17°98; H = 0112. 
0587 ,, 0422 AgCl. Ag = 5413. 
C,Ag.N,0; requires C = 1818; H = 0:00; Ag = 54°54 per cent. 
A crystalline barium salt was also obtained by precipitation of a 
hot solution of the acid potassium salt by barium acetate. 
The constitution of the yellow salt is an open question; for the 
present, we shall represent it as derived from 2 mols. of the iso- 
nitroso-compound. 


COOH 
C N 
4N AN 
NOH-G c—Oo—¢ CO 
oc C—O—C C:NOH 
\Z “s 
N C 


i 
COOH 
The reaction of the acid with ammonia we shall not at present 
attempt to explain. 


SEPARATING IODINE FROM CHLORINE AND BROMINE. 


1051 


The reactions between nitrous acid and citrazinic acid may be con- 
veniently tabulated as follows :— 


Potassic nitrite in acid 
solution. 


Nitric oxide in presence 
of air. 


Nitrous fumes. 


Isonitrosocitrazinic acid 
probably first formed ; 
this decomposes into the 
blue quinhydrone if the 


Nitroso-? and isonitroso- 
citrazinic acids formed, 
the latter oxidising to 
the yellow bibasic acid. 


Tsonitrosocitrazinic 


acid 
formed ; can be isolated. 
The mother liquors after 
a time deposit the am- 


monium salt of the 
yellow oxidation acid. 


nitrite be not in excess. 
In presence of excess of 
nitrite, a stable yellow 
bibasic acid is formed by 
direct oxidation. 


Several of the substances described in the present paper are iso- 
meric with those obtained by Ost in his researches on meconic 
acid, and the relationship of these isomeric substances should form 
a fruitful field for future work. Encouraged by the success which 
has attended our attempts in the present investigation, we have 
acted on citrazinic acid with nitric and with fuming sulphuric acids, 
we have also tried the effect of reducing agents on citrazinamide in 
acid and in alkaline solution. In each case interesting results have 
been obtained, which will most suitably find a place in a subsequent 
communication. 


University Laboratory, 
Cambridge. 


LXXIV.—A Quantitative Method of separating Iodine from Chlorine 
and Bromine. 


By D. S. Macnatr, Ph.D., B.Sc., Lecturer on Chemistry at the People’s 
Palace Technical Schools, London, E. 


Wuen heated with sulphuric acid and potassium dichromate, most 
iodides are decomposed, yielding iodine and a sulphate of the metal ; 
silver iodide, however, is an exception, as, although it gradually 
dissolves, no iodine is separated, and, on diluting the solution and 
allowing it to cool, a yellow precipitate is deposited, consisting of 
impure silver iodate. This precipitate always contains chromium 
(possibly as chromiodate), which cannot be completely removed by 
4B2 
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washing, and, on igniting it, some iodine is set free along with the 
oxygen. A weighed quantity of the precipitate was digested with 
dilute sulphurous acid to convert it into silver iodide, and the latter 
was collected and weighed as usual; the filtrate was greenish, from 
the presence of chromium, and contained also traces of silver, but no 
iodine. The percentage of iodine found in one sample was 43°27, in 
another 43°84; as silver iodide contains 44°88 per cent. of iodine, the 
precipitate is essentially silver iodate. 

In order to- leave no doubt as to its composition, a portion was 
purified by dissolving it in dilute ammonia, filtering from a slight, 
yellow, flocculent residue, and then reprecipitating by the addition of 
dilute sulphuric acid in excess. After this treatment, the precipitate 
was almost white and free from chromium. On igniting it, no iodine 
was liberated, but the compound split up quantitatively into oxygen 
and silver iodide, as the following experiments show. 


0°6333 on ignition gave 0°5250 I. I = 44°80. 


10355 - » O86231. I = 4487. 
AgIO; requires 44°88 per cent. I. 


The action between silver iodide, potassium dichromate, and sulph- 
uric acid may, therefore, in all probability, be expressed by the 
equation 


K,Cr,0; + AgI + 5H,SO, = 2KHSO, + Cr,(SO,); + AgIO, 
+ 4H,0. 


Silver chloride and bromide, as might be expected, give no chlorate 
or bromate when heated with a mixture of potassium dichromate and 
‘ sulphuric acid, but the chiorine or bromine is evolved in the free 
state, the silver remaining as sulphate. 

On these observations, I have founded a method of quantitatively 
separating iodine from chlorine and bromine, which will, I believe, 
be found to have advantages over any of the methods at present in 
use. 

The chlorine, bromine, and iodine are precipitated as silver salts in 
the usual way, and the precipitate is allowed to settle completely; it 
is then collected and thoroughly washed by decantation, the washings 
being passed through a small filter. The filter is in turn thoroughly 
washed, and is then spread out ona flat glass plate, and the small 
portion of the precipitate adhering to it is washed back into the 
beaker containing the bulk of the precipitate, as little water as 
possible being used. The hardened filters now sold will be found 
convenient for this operation, as their smooth surface readily allows 
the whole of the precipitate to be removed without any fibres 0 
paper accompanying it; and this is important, as if any organic 
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matter be allowed to mix with the precipitate, it will cause loss of 
iodine in the next operation. To the precipitate, about 2 grams of 
powdered pure potassium dichromate is now added, and then 15 c.c, 
of strong pure sulphuric acid in small portions. The beaker is 
covered with a watch-glass, and heated on the sand-bath until all the 
water has been boiled off, and white fumes of sulphur trioxide begin 
to be evolved. There is no tendency to “ bumping’”’ unless too much 
water has been added. 

The silver iodide will now have been completely oxidised to iodate, 
whilst any chlorine or bromine will have been evolved as such. The 
liquid is allowed to cool somewhat, and cautiously diluted with hot 
water, in order to prevent the precipitation of silver iodate. To the 
clear, green solution, which, in ordinary cases, should measure about 
150—300 c.c., a strong solution of sulphurous acid is now added in 
large excess. This precipitates the silver as iodide, but, to ensure 
complete precipitation, the solution should be warmed for some time. 
The precipitate is allowed to settle, and more sulphurous acid is added, 
to make sure that the reduction is complete. Finally, the precipitate 
is collected, washed, dried, ignited, and weighed as usual. In wash- 
ing the precipitate, it is advisable to first pour off the clear liquid 
through a filter, and then to boil the precipitate with a rather large 
volume of dilute nitric acid, and to repeat this operation three or 


four times. If this precaution be omitted, the precipitate is apt to 


retain traces of sulphate. 
The following table of results obtained by this method will serve 


to show its accuracy. 


Weight of Weight of Weight of “> pont ge a f 
iodine bromine | chlorine . . 
. > btain btained 
(as KI) taken. |(as KBr) taken. (as NaCl) taken.| ° yg Se 


0-2708 ial | 01017 0-2701 99°74 
04370 0 2564 pa 04334 99 +18 
02282 0 4000 0-0710 02281 99-96 
02282 a 0°1775 0-2291 100 °38 
02282 0 +2000 pe 0 +2277 99°78 
02282 0 -2000 0 0355 0 +2289 100°31 


It is evident that the method can be easily extended to the deter- 
mination of chlorides, bromides, and iodides, in a mixture containing 
all three. For this purpose, ttvo portions of the solution are taken, 
and the chlorine, bromine, and iodine are precipitated from both by 
the addition of silver nitrate in excess. 

The total weight of the silver haloids precipitated from one portion 
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is determined, whilst the precipitate obtained from the second portion 
is treated as described above with potassium dichromate and sulph- 
uric acid, and the iodine is weighed as silver iodide. The filtrate 
from the silver iodide contains the silver which was originally 
present in the silver chloride and bromide, and this is precipitated 
and weighed as silver chloride. All the data required for calculating 
the weight of each element present are thus obtained. The weight 
of silver iodide subtracted from that of the chloride, bromide, and 
iodide together gives the weight of the chloride plus bromide. As 
the weight of silver in these is known, the proportion of chlorine to 
bromine can be readily calculated in the usual way. 

The following is an example of an actual analysis :—10 c.c. of a 
solution containing 6°0698 grams of potassium iodide, 7°3534 grams 
of potassium bromide, and 3°6297 grams of potassium chloride in 
250 c.c. was precipitated by silver nitrate ; the mixed chloride, brom- 
ide, and iodide of silver weighed 1°0836 grams. The iodine was 
determined in another portion of 10 c.c. 0°3416 gram of silver iodide 
was obtained. Hence, the silver bromide and chloride together 
weighed 10836 — 0°3416 = 0°7420 gram. The silver in these was 
determined in the filtrate from the silver iodide by precipitation as 
silver chloride, and was found to be 0°4767 gram. Hence, the weight 
of chlorine was 0°0697 gram, and the composition of the mixture :— 


Found. Calculated. 
Iodine, per cent. ...... 27°21 
Bromine _,, ’ 28°95 
Chlorine _,, "2% 10°11 


The method will, I venture to think, be found easier and more 
convenient than any of those hitherto proposed for the determination 
of the three halogens, and probably also more accurate. 


LXXV.—Some Peri-derivatives of Naphthalene. 


By Rapnatt Me potas, F.R.S., and F. W. Strearremo, F.1.C. 


Or the ten possible dibromonapththalenes indicated by theory, the 
meta- [1 : 3] compound was prepared by one of us in 1879 (Ber., 12, 
1961) and the ortho- [1:2] compound in 1883 (Trans., 1883, 43, 1).* 


* In the paper referred to (note, p. 6) it was suggested that the ortho-modifica- 
tion might be obtained by the action of phosphorus pentabromide on Smith’s 
monobromo-8-naphthol, This was subsequently carried out by Canzoneri with 
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The isolation of the peri-compound, 1: 1', was announced by one of 
us last year (Trans., 1892, 61, 766, note). The details concerning the 
preparation of this and some other related compounds form the 
subject of the present communication. 


Preparation of Perinitronaphthylamine. 


When a-naphthylamine is nitrated in the presence of strong sulph- 
uric acid, according to the method of Noelting and Collin (Ber., 1884, 
17, 261), a mixture of nitronaphthylamines is obtained, from which 
the 1 : 1’-modification can be easily isolated. The process made use 
of by us was worked out by Dr. Noelting, to whom we are indebted 
for kindly supplying the following particulars :— 

One part of powdered a-naphthylamine is dissolved in the cold in 
10 parts of strong sulphuric acid. When the base has completely 
disappeared, the solution is cooled down in a freezing mixture of ice 
and salt, and the calculated quantity of nitric acid of 1°42 sp. gr. 
(1 mol.), mixed with twice its weight of strong sulphuric acid is 
allowed to flow in drop by drop with constant stirring. The tem- 
perature is not allowed to rise above 0° during the mixing. After all 


phosphorus tribromide and the bromonaphthol in question (Gazzetta, 12, 424), 
and there was obtained with other products a dibromonaphthalene melting at 68°. 
As the compound described by one of us in 1883 had a lower melting point (63°), 
it has always remained doubtful whether the products were identical or not, 
although theoretically it might have been anticipated that they would prove to be 
the same. As we happened to have a few grams of the original preparation, we 
submitted this to further examination. The specimen had been originally crystal- 
lised from petroleum, and had the melting point recorded (63°). After one dis- 
tillation and many crystallisations from glacial acetic acid, the melting point was 
brought up to 67—68°, and remained constant. There seems to be no doubt there- 
fore as to the identity of the two products. In order to further characterise this 
orthodibromonaphthalene, it was sulphonated and converted into its sulphochloride 
according to the method applied by Armstrong and Rossiter to some of the other 
dibromonaphthalenes (Proc., No. 104, 1891, p. 182), but the results were not very 
satisfactory, as a mixture of sulphonic ucids appears to be formed, and the sulpho- 
chlorides are most difficult to separate. After many crystallisations from benzene, a 
small quantity of sulphochloride crystallising in transparent tablets (m. p. 175—178°) 
was isolated, but the quantity was too small to admit of further crystallisa- 
tion. It will be desirable to repeat the experiment on a larger scale ; in the mean- 
time the identity of our compound with Canzoneri’s is the chief point which it is 
important to establish. We may remark here that there is a curious want of paral- 
lelism between the melting points of the ortho- and meta-dichloro- and dibromo- 
naphthalenes. Thus: C,H Cle, 1: 2, m. p. 35°; 1:38, m. p. 61°; CyoH,Brg, 1: 2, 
m. p. 68°; 1: 3, m. p. 64°. Although the sulphochlorides are difficult to separate, 
we have found that by allowing alcohol to act on the dry compound for some hours 
at the ordinary temperature, an ethyl sulphonate is formed which, after repeated 
crystallisation from alcohol, is obtained in white needles melting at 139°. The 
someric ether is removed by the process of crystallisation. 
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the nitric acid has been added; the solution is allowed to stand for 
about 12 hours in the freezing mixture, and then poured in a thin 
stream on to a large quantity of ice. The crystalline deposit which 
settles out in the acid liquor consists chiefly of the sulphate of 1 ; 4' 
(= 1:5)-nitronaphthylamine, mixed with a small quantity of the 1 ; 4 
(para)-modification and much tarry matter. The acid liquor drained 
from the crystalline deposit contains the perinitronaphthylamine, 
mixed with some of the 1 : 4’-compound, and other impurities. In 
order to isolate the 1: 1'-nitronaphthylamine, the acid filtrate is 
largely diluted with water, filtered, if necessary, and neutralised with 
soda crystals. The crude base is thus thrown out in the form of 
reddish-brown, crystalline scales, which are collected, washed with 
water, and redissolved in a small quantity of cold dilute sulphuric 
acid. A residue of the sparingly soluble 1 : 4'-sulphate is thus left, 
and can be removed by filtration; the more soluble 1 : 1'-sulphate 
remains in the mother liquor, and is again thrown out by soda 
crystals. The operation of fractional crystallisation from dilute 
sulphuric acid is repeated as long as the easily recognised 1 : 4-sulphate 
is deposited in appreciable quantities. The 1 : 1-nitronaphthylamine 
precipitated from the final acid liquor is collected, washed, dried, and. 
further purified if required by crystallisation from petroleum. When 
pure, it forms red scales, melting at 96—97°. The acetyl derivative 
crystallises from hot water in whitish needles melting at 187—188°. 

The yield of perinitronaphthylamine obtained by this process is 
not very great, but we worked up a large quantity of a-naphthylamine 
(about 2 kilos.), as the nitro-compound promised to be a convenient 
source of other peri-derivatives. In this hope we have, however, been 
somewhat disappointed, as there is much loss during subsequent 
transformations of the compound, and in some cases we met with 
complete failure, owing to a tendency to resinify, which appears to be 
characteristic of many of the peri-derivatives. Thus, numerous ex- 
periments were made with the object of obtaining the 1 : 1'-nitro- 
naphthol by the diazo-method. A solution of the diazosulphate 
boiled with water or dilute sulphuric acid at once deposits a resin. 
An acid solation of the diazosulphate warmed just to the point of 
decomposition deposits a felted mass of straw-coloured crystals, 
which, no doubt, consist of the perinitronaphthol; but these soon 
resinify, and the pure compound could not be isolated. The salts 
appear to resinify even more rapidly than the free nitronaphthol. 
An attempt to replace the amido-group by the acetoxy-group (Meldola 
and East, Trans., 1888, 53, 463; Ber., 1888, 21, 601), by adding sodium 
nitrite to the solution of the base in glacial acetic acid, resulted in the 
formation of an amorphous brown substance, probably an amidoazo- 
compound. 
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The actual yield of perinitronaphthylamine is about 6—8 per cent. 
of the weight of «-naphthylamine nitrated. 


Perinitrobromonaphthalene. 


This compound was prepared by Sandmeyer’s process, by allowing 
a solution of the diazosulphate to fall into a warm solution of 
cuprous bromide, and then heating the mixture till decomposition was 


complete. In diazotising the nitronaphthylamine, it is necessary to 


have a strongly acid (sulphuric) solution, in order to prevent the 
formation of an insoluble brown amidoazo-compound(?). The pro- 
duct was purified by repeated crystallisation from dilute alcohol with 
the addition of animal charcoal, and finally obtained in the form of 
pale, straw-coloured needles melting at 99—100°. 


0°2157 gave 0°1595 AgBr. Br = 31°46. 
0:2440 ,, 11°2 c.c. moist nitrogen at 18° and 763°38mm. N = 5°32. 


C,.H,Br-NO, requires Br = 31°74; N = 5°55 per cent. 


Peribromonaphthylamine. 


The nitro-compound is best reduced in cold alcoholic solution with 
zinc dust and acetic acid ; if the solution is allowed to become warm, 
resin is formed and much loss incurred. On filtering the solution 
into water, the base is precipitated in the form of white needles 
which gradually become reddish by oxidation on exposure to light 
and air. Purification is best effected by dissolving the compound in 
cold dilute hydrochloric acid, filtering from resinous matter, and pre- 
cipitating by adding an excess of sodium acetate. This operation is 
repeated as long as any residue is left on treatment with dilute hydro- 
chloric acid. The base was finally obtained pure by crystallisation 
from very dilute alcohol, and then from light petroleum; from the 
latter solvent, it separates in the form of dense needles grouped in 
rosettes. The crystals are white at first, but soon become brownish 
on exposure to the air. 


0°2020 gave 11 c.c. moist nitrogen at 16°7° and 757°8mm. N = 631. 
C,,H.Br-NH, requires N = 6°30 per cent. 


The melting point of the pure compound is 89—90°. It possesses 
distinctly basic properties, but we had too little of the substance to 
undertake the preparation of any of its salts. The tendency of the 
peri-derivatives to resinify is shown by the readiness with which the 
solutions of the salts of this bromonaphthylamine decompose on 
boiling. The acetyl derivative crystallises from absolute alcohol in 
silky, white needles melting at 138—139°. 
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Peribromonaphthol. 


This compound was prepared by boiling a solution of the diazotised 
peribromonaphthy lamine with dilute sulphuric acid. The base was 
dissolved in dilute sulphuric acid, diazotised in the usual way with 
the calculated quantity of sodium nitrite, and the solution kept warm 
till nitrogen ceased to be evolved. An oily product separated, and 
this, after being collected and washed with water, was transferred to 
a flask and distilled in a current of steam. A very small yield of 
peribromonaphthol was obtained, this compound coming over as an 
oil which crystallised on standing. A large quantity of resin is 
formed during the reaction, and we had only sufficient of the bromo- 
naphthol to characterise it qualitatively. It was crystallised first 
from absolute alcohol and then from light petroleum; from the 
latter, the compound separates on the side of the beaker in beautiful, 
fern-like growths, and from the solution itself in square or oblong 
tablets, colourless and transparent. The melting point was found to 
be 60—61°. The compound does not furnish the supposed y-naphtha- 
quinone by the action of fuming nitric acid, so that the conjecture 
that this bromonaphthol is the source of the quinone in question 
(Trans., 1890, 57, 634) is not confirmed. 

When a solution of diazobenzene chloride is mixed with an alkaline 
solution of peribromonaphthol, a deep red azo-compound separates. 
This was investigated as far as the amount of material at our disposal 
admitted, and was found to consist of a mixture of two azo-compounds, 
one soluble in cold alkali and the other insoluble. 

The solubie compound dissolves in cold caustic soda with a cherry- 
red colour, and is precipitated by acids in bright scarlet flocks. It 
. erystallises from dilute acetic acid in bundles of flat needles having a 
bright green, metallic lustre. The melting point is about 197°, and 
at a few degrees higher it froths up and decomposes. A nitrogen de- 
termination gave results indicating the formula C,H;-N,°C,.H,Br-OH. 


0°1187 gave 8'3 c.c. moist nitrogen at 16°5° and 759°6 mm. N = 8'12. 
The above formula requires N = 8°56 per cent. 


The azo-compound dissolves in strong sulphuric acid with a bright, 
bluish-violet colour, becoming red, and finally precipitating on dilution 
with water. 

The portion insoluble in aqueous alkali dissolves in alcoholic soda 
with a reddish-violet colour, and is precipitated by water as a choco- 
late-coloured powder. It dissolves in strong sulphuric acid with a 
deep, dull violet’ colour, becoming inky-blue on dilution with water, 
then changing to blnish-green, and finally becoming red and _precipi- 
tating. After crystallisation from benzene, in which it dissolves 
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with a magenta-red colour, the substance formed beautiful, flattened 
needles of a brilliant, coppery lustre melting at 222°, and at the same 
time frothing up and decomposing. A nitrogen determination, which 
nsed up all our material, gave results indicating a disazo-compound. 


00602 gave 6°5 c.c. moist nitrogen at 20°and 762 mm. N = 12°37. 
OH-C,H,Br(N2-C.Hs)2 requires N = 12°99 per cent. 


Although our analyses are only approximative, owing to the small 
quantity of material available, they are sufficiently close to indicate 
that the soluble compound is a monoazo- and the insoluble’ product 
a disazo-compound. The first, being distinctly phenolic in character, 
is, no doubt, a derivative of «-naphthol, whilst the second, being non- 
phenolic, has probably an azo-group in the ortho-position The most 
probable constitution of these compounds is thus :— 


Br HO 
5 08% 


V4 
No CH; 


M. p. 222°. 


Peridibromonaphthalene. 


This compound was prepared from peribromonaphthylamine by 
Sandmeyer’s method. It was found best to allow the solution of the 
diazotised amine to remain for some hours in contact with the 
cuprous bromide at the ordinary temperature, and then to complete 
the decomposition by the application of heat. Much resin is formed 
during the process, and the yield of dibromonaphthalene is not very 
great. The product forms a dark oil which solidifies on cooling to a 
resinous mass. Purification is best effected by crystallising two or 
three times from somewhat dilute alcohol with the addition of 
animal charcoal, and then from glacial acetic acid till the melting 
point is constant. The compound can also be distilled in a current 
of steam, but it comes over very slowly, and this method of purifica- 
tion is too protracted to be practically useful. Peridibromonaphthal- 
ene, when allowed to crystallise slowly, forms rhombohedra; rapid 
crystallisation causes it to separate in scales or fern-like aggregates. 
The melting point, as stated in a former note (Trans., 1892, 61, 766), 
is 108:-5—109°. 

0°1359 gave 0°1785 AgBr. Br = 55°88. 

01227 ,, 01610 ,, Br = 55°83. 

C\H,Br, requires Br = 55°95 per cent. 


In order to correlate our work with that of Armstrong and 
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Rossiter, who have characterised several of the dibromonaphthaienes 
by means of their sulphochlorides (Proc., 1891, No. 104, p. 182), an 
attempt was made to isolate a definite sulphochloride, but, un- 
fortunately, in this case the results were unsatisfactory. The di- 
bromonaphthalene sulphonates readily enough by the usual method, 
and on pouring the sulphuric acid solution into water, a minute 
quantity of an insoluble crystalline substance separates. This was 
removed by filtration, and proved not to be unaltered dibromonaph- 


thalene: it is possibly a sulphone, 10K eee or a sultone, 
10 2 


S 
C,H,Br.< gs but the quantity was too small to admit of examina- 


tion. The highest melting point reached after several crystallisations 
from alcohol was 234°. This substance, when heated in a dry tube, 
sublimes in fine, white needles. 

The acid filtrate, on neutralisation with potassium carbonate, solidi- 
fies to a pulp of white (microscopic) needles of the potassium salt. 
After crystallisation from water and drying till constant in weight at 
120°, at which temperature very little water was driven off, the fol- 
lowing result was obtained. 


0°2150 gave 0°0444 K,SO,. K = 9°27. 
C,oH;Br.S0O,;K + H,O requires K = 9°26 per cent. 


The dry salt, on being ground up with phosphorns pentachloride, 
readily furnishes the sulphochloride, but the latter proved to be a 
mixture of isomerides so much alike in solubility that no product 
having a sharp melting point could be isolated, although many 
attempts at fractional crystallisation from benzene, benzene and 
petroleum, ether and chloroform, &c., were made. The attempted 
conversion of the sulphochlorides into ethyl ethers also failed; abso- 
lute alcohol does not decompose the compounds on prolonged contact 
at ordinary temperatures, and, on heating, they hydrolyse with the 
regeneration of the sulphonic acids, By allowing the sulphochlorides 
to remain for some hours in contact with alcoholic ammonia, they 
are converted into sulphonamides, and by crystallising these frem 
alcohol, diluted with a little water, we were enabled to effect a 
separation into two well characterised isomerides, One of these 
crystallised in large, transparent plates, and the other in small, 
nodular aggregates of needles. The two forms could be separated by 
picking out, and each modification was then crystallised from abso- 
lute alcohol till the melting point was constant. There were thus 
obtained (1) transparent plates, m. p. 229—230°, (2) flat needles 
with a silvery lustre, m. p. 251—252°. A specimen of the mixed 
sulphonamides before separation gave the following result. 
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0°1302 gave 4°65 c.c. moist nitrogen at 22°5° and 753-1mm. N = 40, 
01626 ,, 01685 AgBr. Br = 44°09. 
CyH;Br,*SO.NH, requires N = 3°83; Br = 43°83 per cent. 


A few crystals of the tabular form (m. p. 229—230°) were kindly 
examined for us by Mr. W. J. Pope, who reports as follows. 

“The substance crystallises in transparent, rhomboidal plates 
several millimetres in length, but too thin for goniometrical measure- 
ment. The extinction bisects the angles of the plate, and an optic 
axis emerges outside the microscope field in the acute angle of the 
rhomb. The large face is usually marked by small corrosion cavities 
pointing in the direction of the longest dimension of the crystal. 
The crystalline system is probably monosymmetric.” 

Peridibromonaphthalene readily nitrates when it is heated in 
acetic acid solution for a few minutes with a little fuming (1°5 sp. 
gr.) nitric acid, and then cooled. The product crystallises from al- 
cohol in flat, yellow needles melting at about 96—99°, and consists, 
apparently, of a mixture of isomeric nitro-derivatives which crystal- 
lise together. With the small quantity of material at our disposal, 
we were unable to effect a separation. The dibromonaphthylamines 
formed by the reduction of the nitro-compounds are very unstable, 
and oxidise rapidly into resinous colouring matters on exposure to 
the air. 


Benzylidene-perinitronaphthylamine. 


This compound is easily prepared by boiling an alcoholic solution 
of the nitronaphthylamine with the calculated quantity of benz- 
aldehyde in a flask with a reflux condenser for 6—8 hours. After 
crystallisation from alcohol, the product was obtained in the form of 
ochreous scales melting at 128°. By further crystallisation from 
benzene, the compound was cbtained in the form of ochreous needles 
melting at 133°. By crystallisation from glacial acetic acid, the 
melting point was again brought down to 128°. The substance was 
analysed for us by Mr. E. M. Hawkins. 


0°2003 gave 0°5424 CO, and 0°0812 H,O. C = 73°85; H = 4°50. 
01552 ,, 12°9c.c. moist nitrogen at 11°5° and 770'l1mm. N = 10°01. 
NO,°C\H,N:CH:-C,H; requires C = 73°91; H= 435; N=10'14 p.c. 


Our object in preparing this compound was not only to contribute 
to the knowledge of the definite derivatives of perinitronaphthyl- 
amine, but also to make an attempt to realise the synthesis of a 
naphthotriazine of the peri-series (Trans., 1891, 59, 681). This 
object would have been accomplished if the nitro-derivative could 
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have been reduced, and the amido-derivative diazotised and combined 
with an amine or phenol. 

NO, NH, NIN-X 
OwHe<y-cH-C,H, ~ Cvls<y:cH-c.H, ~ ls<yicH-o.H, 


N—N:-X 
— CwHe< | CHC H ° 
a 6445 


The attempt failed, however, because the nitrobenzylidene deriva- 
tive could not, under any conditions, be reduced without passing 
into resinous products. The reverse process of first forming a nitro- 


azo-compound of the type elltare wn and then reducing the 


nitro-group, also failed. It was not found possible to reduce the 
nitro-group without, at the same time, severing the nitrogen atoms 
of the azo-group. In this respect, the perinitroazo-derivatives of 
naphthalene resemble other orthonitroazo-compounds.* 


Summary. 


The new peri-derivatives of naphthalene described in the present 
paper are 

C,oH,Br-NO, ; straw-coloured needles, m. p. 99—100°. 

C,,H.BrrNH,; white needles, m. p. 89—90°. Acetyl derivative, 
white needles, m. p..138—139°. 

C,H.Br-OH ; colourless tablets, m. p. 60—61°. Benzeneazo-de- 
rivative, m. p. 197°, Benzenedisazo-derivative, m. p. 222°, with 
decomposition. 

C,H,.Br,; colourless scales or rhombohedra, m. p. 108°5—109°. 
Gives two sulphonic acids, the corresponding sulphonamides melting 
at 229—230° (tablets) and 251—252° (flat, silvery needles). 

NO,°C,H,N:CH’C,H; ; ochreous scales or needles, m. p. 128° or 
133°. 

* This was proved by a study of the compounds resulting from the action of 
diazotised orthonitraniline on phenol and a-naphthol. These azo-compounds reduce 
completely with acid reducing agents. With alkaline reducing agents, they do not 
reduce at all, or give hydrazo-compounds. In some experiments there was evidence 
of a reduction of the nitro-group, but the products were not basic. The investiga- 
tion of the products of reduction of the orthonitroazo-compounds is worthy of 
further pursuit. There is reason to suspect that hydrazimides may be formed under 
certain conditions. 


1063 


LXX VI.—Hewanitroxanilide. 
By A. G. Perrin, F.R.S.E. 


Ix a previous communication “On the Action of Nitric Acid on 
Oxanilide and its Homologues ” (Trans., 1892, 61, 458), it. was shown 
that, when treated with fuming nitric acid, this substance yields di- 
and tetra-nitroxanilides, but that, when a mixture of fuming nitric 
and sulphuric acids is employed, hexanitroxanilide is formed. 

These substances differ in a somewhat remarkable way in their 
behaviour towards ammonia, both di- and tetra-nitroxanilide being 
converted by this agent into mono- and di-nitraniline and oxalic acid 
respectively, whilst but very little trinitraniline is obtained from 
hexanitroxanilide, the principal product being a colourless, crystalline 
substance, which, at the time, was not further investigated. Con- 
siderable quantities of hexanitroxanilide have since been prepared, and 
it has been found that the products of the action of ammonia on it are, 
in the first instance, trinitraniline and the ammonium salt of a sub- 
stance which appears to be the amide of trinitroxanilic acid, thus, 


PONT CoHANO))s 4 NH, = C.HANO,)eNE, 


CO-NH-C,H.(NO.); 
CO-NH-C,HANO;), 


CO-NH, 


It forms beautiful sodium, potassium, and ammonium derivatives, 
which crystallise in red leaflets having a magnificent golden lustre. 
If the substance has the constitution given to it above, the sodium 
derivative, for example, would be represented by the formula 
C,H,(NO,);NNa-CO-CONH,. The analytical results agree well with 
this assumption. When heated with hydrochloric acid under pressure 
at 160°, trinitrophenyloxamide is resolved into trinitraniline and 
oxalic acid, and concentrated sulphuric acid acts on it in a similar 
manner. 

A cold mixture of fuming nitric and sulphuric acids converts it into 
a new substance which is probably trinitroxanil, formed, apparently, 
by simple abstraction of ammonia. 


CO 
C,H,(NO.);;-NH:CO-CONH, = CoH(NOs)sN< i, + NH. 


This explanation is rendered the more probable from the fact that 
the product in question, when treated with ammonia, is reconverted 


into trinitrophenyloxamide. 
C,H.(NO,);-N(CO), + NH; — C,H. (NO,.);*-NH*CO-CO-NH,. 
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This action is somewhat analogous to the conversion of succinanil 
into phenylsuccinamide by the action of alcoholic ammonia (Men- 
schutkin, Annalen, 162, 182), 


C,H,0,N-C,H; + NH; = NH,C,H,0,-NH-C,H,;, | 


and the reconversion of the latter into succinanil and ammonia by the 
aid of heat. 

When heated with hydrochloric or sulphuric acid at a high tem. 
perature, trinitroxanil yields trinitraniline. 

Attempts to produce higher nitrated compounds from hexanitrox- 
anilide were unsuccessful, the substance being very slowly attacked 
at about 200°, and converted into trinitrobenzene [NO, : NO, : NO, = 
1:3: 5] melting at 121°. 


Similar experiments with dinitroxalorthotoluidide resulted in the 
production of dinitrotoluene [CH; : NO, : NO, = 1:3: 5], butin the 
case of dinitroxalparatoluidide the action proceeded differently, 
dinitrobenzoic acid being formed as principal product. 

In this paper, an account is also included of the preparation and 
properties of hexanitrocarbanilide, these experiments having been at 
first instituted with the object of determining whether this substance 
on treatment with ammonia would give products in any way similar to 
those obtained from hexanitroxanilide. Hexanitrocarbanilide is readily 
obtained by the action of a mixture of nitric and sulphuric acids on 
tetranitrocarbanilide, in the form of colourless, minute prisms, which, 
when treated with sodium or potassium hydrate, yield well-crystal- 
lised salts. Treatment with ammonia readily converts it into 
trinitraniline, and no intermediate products could be cbtained. 


Action of Ammonia on Hexanitroxanilide. 


Hexanitroxanilide was added to a large excess of concentrated 
aqueous ammonia, diluted with 2 parts of water, in which it readily 
dissolved, forming an orange-coloured solution, from which acids re- 
precipitated the substance unchanged. On heating the liquid to the 
boiling point, it became dark red, and a small quantity of a crys- 
talline substance gradually separated. This was collected, washed 
with water, and crystallised from glacial acetic acid ; the yellow needles 
thus obtained melted at 186° and had the properties of trinitraniline. 

The filtrate while still hot was nearly neutralised with concentrated 
hydrochloric acid, and the glittering red leaflets which separated, and 
which increased in quantity as the liquid cooled, were collected, made 
into a thin paste with hot water, and treated with hydrochloric acid; 
a nearly colourless, crystalline precipitate, seen under the microscope 
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to consist of minute, flat needles, was obtained. After filtration, 
washing with water, and pressing, the substance was ultimately 
purified by crystallisation from nitrobenzene with the aid of animal 
charcoal. It was analysed with the following results. 


0:1352 gave 0°1611 CO, and 0°0262 H,O. C = 32:49; H = 2:15." 
01504 ,, 01784 CO, and 0:0307 H,O. C = 32:34; H' = 2-26. 
01258 ,, 26c.c. moist nitrogen at 21° and 760mm. N = 23°62, 
01333, 27 c.c, ” ” 19° and 762 mm. N = 23°34. 
01264 ,, 25°8c.c. moist nitrogen at 23°and 757mm. N = 22°92. 
C,H,(NO.)3;NH*CO-CONH, requires C = 32; H=2; N= 233 p.c. 


Trinitrophenyloxamide is deposited from its hot solution in nitro- 
benzene as a colourless mass of glistening needles, which melt at 257°, 
gas being evolved, and which, when strongly heated, suddenly decom- 
pose, a black vapour being given off.. It is almost insoluble in benzene 
and xylene, but readily soluble in methyl and ethyl] alcohols, hot concen- 
trated solutions of which deposit it in a gelatinous condition. By 
crystallisation from acetic anhydride, it can be obtained in the form 
of long needles, but continued heating with this solvent converts it 
into a very soluble product, which could not be obtained in a crystal- 
line condition. Heated at 160° in a sealed tube with hydrochloric acid, 
it is converted into a mass of long, yellow needles melting at 186°, 
and consisting of trinitraniline; concentrated sulphuric acid at 160° 
decomposes it in a similar way. 

Trinitrophenyloxamide is readily dissolved by aqueous solutions of 
potassium hydrate, forming a blood-red solution of the potassium 
salt, and this is most readily obtained in a crystalline condition 
by partially neutralising the boiling alkaline solution with acetic acid 
On cooling, the liquid gradually deposits beautiful, glistening, scarlet 
leaflets, having a golden lustre; these were collected and dried over 
sulphuric acid until constant in weight. The salt contains no water 
of crystallisation. 

0°4898 heated with H,SO, gave 0°1298 K,SO, K = 11°87. 
C.H.(NO,)s;NK*CO-CONH, requires K = 11°5 per cent, 

Potassium trinitrophenyloxamide dissolves sparingly in alcohol and 
water, but is readily soluble in alkaline liquids, the solutions so 
formed being gradually decomposed on long boiling, with evolution of 
ammonia. If heated in a test-tube, it suddenly decomposes, a slight 
explosion taking place. 


' Sodium trinitrophenyloxamide can be prepared in a manner similar 
to the potassium salt, with which in its properties and appearance it 
is almost identical. It contained no water of crystallisation. 
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01827 gave 34°2 c.c. moist nitrogen at 15° and 760 mm. N = 21-992. 
0°2100, on ignition with H,SO, gave 0°0475 Na,SO,. Na = 7:24. 
0°2373 i “ »  0°0515 Na,SO,. Na = 7-03. 
0°3078 . ‘i ,» 00618 Na,SO, Na = 6°50. 
C,H,(NO,)s"NNa:CO-CONH, requires N = 21'°8; Na = 7°14 per cent. 


Ammonium trinitrophenyloxamide crystallises in thin scales, having 
a somewhat greener iridescence than the potassium and sodium salts, 
but resembles it closely in most of its properties. When it is heated 
n the oil-bath, ammonia is evolved, leaving a colourless residue 
of the original substance. 


0°1420 gave 32°5 c.c. moist nitrogen at 12°and 760 mm. N = 27°16. 
C.H,(NO,)3*N(NH,)-CO-CONH, requires N = 26°58 per cent. 


Trinitroxanil. 


Trinitrophenyloxamide, when added to a cold mixture of equal 
ports of nitric acid (sp. gr. 1°5) and sulphuric acid, at once dissolves, 
but, after a few seconds, the liquid rapidly sets to a stiff, colourless 
mass of minute, hair-like needles. 

In order to purify this product, it was drained on a porous tile for 
several hours, washed first with a little glacial acetic acid, and then 
several times with a mixture of chloroform and glacial acetic acid, 


and finally crystallised two or three times from methyl alcohol. 


0°1403 gave 23°4 c.c. moist nitrogen at 12° and 764mm. N = 19°9. 
01421 , Wee  ,, . 12° and 764mm. N = 19°56. 
C.H.(NO,)3"N(CO), requires N = 19°85 per cent. 


Trinitroxanil crystallises from methyl alcohol as a colourless mass 
of thin, glistening plates, which melt at 146°. It is very soluble in 
nitrobenzene, readily so in alcohol and ether, but only sparingly in 
water. The solution in water is exceedingly bitter. When heated 
in a sealed tube at 200° with hydrochloric acid, it yields trinitraniline. 
Strong sulphuric acid at 160° acts similarly on it. When boiled with 
a mixture of nitric and sulphuric acids, it is decomposed, and, on the 
addition of water, a clear solution is formed, from which nothing 
could be extracted by means of ether. 

Trinitroxanil readily dissolves in cold ammonia, forming an orange- 
solution, which quickly changes to a deep red. The addition of 
hydrochloric acid causes the separation of a scarlet, crystalline precipi- 
tate, which, when again treated with acid, is gradually converted 
into a colourless, crystalline mass; this was collected, washed with 
water, and purified by crystallisation from nitrobenzene. 
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01563 gave 32°4 c.c. moist nitrogen at 18° and 746mm. N = 23:49. 
01455 ,, 295 e.c. ts = 14° and 752 mm. N = 23°59. 
01465 ,, 01743 CO, and 0°0260 H,O. C = 32°48; H = 1°96. 
C,H,(NO.)sNH-CO-CONH, requires C = 32°00; H= 200; N= 
23°33 per cent. 
It is, therefore, trinitrophenyloxamide, and its formation from tri- 
nitroxanil may be represented by the equation 


C,H,(NO,);N(CO), + NH; = C,H.(NO,),;NHCO-CONH;. 


Decomposition of Hexanitroxanilide by means of Nitric and Sulphuric 
acids, 


As previously stated (Trans., 1892, 61, 462), when this substance is 
heated at 200° in a sealed tube with a mixture of nitric acid (sp. gr. 1°5) 
and sulphuric acid during three hours, no higher nitro-derivative is 
produced, the greater portion of the hexanitroxanilide remaining 
unchanged. It was found, however, that by very prolonged heating 
at a slightly higher temperature, the hexanitroxanilide is gradually 
decomposed, a more soluble product being formed. 

5 grams of hexanitroxanilide were added to a mixture of 50 c.c. of 
sulphuric acid and 10 c.c. nitric acid of sp. gr. 1°5, in a large flask, 
and gradually heated, frequently shaking. As the temperatare rose, 
nitrous fumes were evolved, accompanied by considerable frothing, 
which, after the bulk of the nitric acid bad evaporated, gradually 
subsided, leaving a clear solution. This was at once poured into 
much water, the yellow liquid extracted two or three times with 
ether, the extract well washed with water, evaporated, and the crys- 
talline residue drained on a porous plate. This product was best 
purified by boiling for a short time with fuming nitric acid, in which 
it dissolved, and the fern-like crystals, which were deposited from 
the solution on cooling, were then crystallised two or three times 
from alcohol. 


0'1212 gave 20°4 c.c. moist nitrogen at 14° and 764mm. N = 19°91. 

01242 , 2lec. * " 14° and 760mm. N = 19°89. 

011644 , Wiec ,, % 13° and 764mm. N = 19°89, 
C.H;(NO,);3 requires N = 19°71 per cent. 


This substance melts at 121°, and is identical with the trinitro- 
benzene [(NO,); = 1:3:5], prepared by Hepp (Annalen, 215, 345) 

To confirm this result, a portion of the substance was converted 
into its aniline compound by the addition of aniline to its alcoholic 
solution. 


00594 gave 9°5 ¢.c. moist nitrogen at 12°and 748 mm. N = 18°68. 
C.H;(NO,),"C,H,"NH, requires N = 18°30 per cent. 
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This aniline compound forms reddish-vellow, prismatic needles, 
which are readily decomposed at 100°, aniline being given off. 

Tetranitroxalorthotoluidide, when treated with a mixture of nitric 
and sulphuric acids, in the manner described in the case of hexanitr- 
oxanilide, is decomposed somewhat more readily than the latter. An 
ethereal extract of the acid solution, on evaporation, leaves a thick, 
brown oil, which gradually becomes crystalline when treated with a 
little methyl alcohol. After purification, it is obtained in yellow 
needles melting at 91°,and evidently identical with the dinitrotoluene 
[CHyNO,NO, = 1:3:5] prepared by Stadel (Annalen, 217, 189). 
The yield was very small, and sufficient of this substance was not 
obtained for analysis. 


Action of Nitric and Sulphuric acids on Tetranitroxalparatoluidide. 


In studying the action of nitric and sulphuric acids on tetranitr- 
oxalparatoluidide, 3 grams of the tetranitro-compound were mixed 
with 4 c.c. of fuming nitric acid and 30 c.c. of sulphuric acid, and the 
mixture treated as already described in the case of hexanitroxanilide. 

The ethereal extract of the acid solution, on evaporation, left a 
brownish, oily residue, which gradually solidified ; after draining on a 
porous plate and washing with chloroform, it was crystallised twice 
from a mixture of 2 parts of nitric acid and 1 of water. As thus 
obtained, it consisted of pale yellow, stellate groups, melting at 199°, 
and having all the properties of dinitrobenzoic acid, C,H;(NO,)..COOH 
[NO,: NO,: COOH = 1:3: 5). 
0°1295 gave 0°1875 CO, and 00288 H,O. C = 39:48; H = 2°47. 
01042 ,, 12:4c.c. moist nitrogen at 23° and 746mm. N = 13°15. 
C,H,NO,).COOH requires C = 39°63; H = 1°88; N = 13:20 p.c. 


Hezanitrocarbanilide. 


When tetranitrocarbanilide, CO(NH-C,H;:NO,), (Losanitsch, Ber., 
10, 690), is suspended in a mixture of equal parts of nitric acid 
(sp. gr. 15) and sulphuric acid, it does not dissolve, and no action 
takes place, but, on heating, the needles, without apparently going 
into solution, become transformed into a mass of minute prisms, As 
soon as the conversion is complete, the product is poured into a large 
bulk of water, the precipitate collected, washed with water, and dried 


at 100°. 
An analysis of this product gave the following result. 


0°2297 gave 46:3 c.c. moist nitrogen at 14° and 764 mm.. N = 23°62. 
CO[C,H.,(NO,);NH], requires N = 23:23 per cent. 
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Hexanitrocarbanilide is a colourless, glistening mass, readily soluble 
in hot nitrobenzene, but only sparingly so in boiling glacial acetic acid. 
When heated, it melts at 203°, undergoing decomposition, and at higher 
temperatures is carbonised, a yellow vapour being given off, which 
condenses to a mass of needles; when crystallised from glacial acetic 
acid, these melt at 186°, and are evidently trinitraniline. Hexanitro- 
carbanilide very readily dissolves in a cold aqueous solution of 
ammonia, and, on gently warming the red solution, it quickly deposits 
erystals of trinitraniline; all attempts to prepare from the carbanilide 
a product similar to that obtained, by this means, from hexanitrox- 
anilide were unsuccessful. 

The ammonium derivative of hexanitrocarbanilide could not be iso- 
lated in a solid condition, but the sodium and potassium derivatives may 
be readily obtained, in the form of minute, scarlet prisms, by adding it 
to cold alcoholic solutions of sodium and potassium hydrates. These 
salts are, however, so readily soluble in alcohol and water that they 
could not be obtained in a condition pure enough for analysis. They 
explode on heating, and, on boiling with water, are converted into 


trinitraniline. 


Clothworkers’ Research Laboratory, 
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LXXVII.—Note on the Stereoisomerism of Nitrogen Compounds. 
By S. U. Picxerine, F.R.S. 


Wuen four spheres are arranged about a fifth central one in the 
simplest and most symmetrical manner possible—so that each is 
equidistant from the central sphere and also equidistant from all its 
neighbours—we obtain an arrangement which on joining the four 
external spheres gives us a regular tetrahedron. The view that a 
molecule containing carbon is thus constituted has}given, as is well 
known, a most satisfactory explanation of the isomerism of many 
carbon compounds. To explain the somewhat similar isomerism ex- 
hibited by some nitrogen compounds, Hantzsch and Werner (Ber., 
23, 11; and Grundriss der Stereochemie, Hantzsch, 1893), have 
attempted to extend the same view to these bodies, but instead 
of basing their theory on the fundamental conception of carbon iso- 
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mcrism, the simplest arrangement in space of spheres about a central 
one, they based it on the tetrahedral form of the resulting molecule, 
which is simply the result of that conception when it happens to 
be applied to the special case of carbon, and they have consequently 
been led to conclusions which appear to be untenable. 

As the nitrogen atom does not combine with as many as the four 
hydrogen atoms which are required to form the four corners of a 
tetrahedron, this figure can only be obtained by taking the nitrogen 
atom out of the centre of the tetrahedron and making it do duty for 
one of the corners itself. The atoms are thus no longer arranged 
about the one with which they are united, but are all grouped on one 
side of it, the other side being apparently paralysed and incapable of 
combination. Such a theory can obviously not be accepted but 
on the strongest possible evidence, and Hantszch freely admits that 
there is no basis for it in the case of simple derivatives of ammonia, 
and that it is only in some compounds that such an arrangement 
obtains. From the fact that in HC:N the three bonds of the nitrogen 
must point towards the three corners of the carbon tetrahedron, he 
concludes that the nitrogen and its bonds must here form a tetra- 
hedron also, 


N 


and, apparently, he further concludes that in the case of compounds 
where the carbon and nitrogen are only doubly linked, the bonds of 
the latter must occupy a similar position; thus with the oximes we 
have 


N C N 


Why a similar conclusion as to singly linked nitrogen compounds 
and the ammonia derivatives should not be drawn, is not easy to 
see. Such a conclusion, however, appears in any case to be unjustifi- 
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able; we might as well argue that because the two bonds of the 
oxygen atoms must be regarded as pointing in the same direction 
in the case of an oxygen molecule, they, therefore, always point in 
the same direction. 

The conception of the tetrahedron appears to be no more useful 
as a working hypothesis than it is rational as a theory: the two 
formule above given are supposed to explain the two modifica- 
tions of the oximes, the hydroxyl being in one case nearest to 
the group a, and in the other to b, but it is perfectly obvious 

. bC'a bC-a 
that the line formule N: OH and H ON 
express it equally well. Hantzsch himself seems to recognise this, 
for after the first enunciation of his views as to the tetrahedral form, 
he entirely drops the idea, and adopts exclusively the line formule ; 
indeed, in his Grundriss, which may be regarded as a revised edition 
of his paper, his views as to the tetrahedron are expressed in such an 
ambiguous manner that it is impossible to make out in what light 
he expects them to be received. 

The absurdity of the tetrahedron conception becomes more glaring 
when we pass from triad to pentad nitrogen compounds. The nitro- 
gen atom is promptly taken away from the corner, and replaced in 
the middle of the tetrahedron; but as this still leaves one hydrogen 
atom too many, this hydrogen also is crammed into the middle to keep 
the nitrogen company, (a-N)abed being then considered as a perfect 
analogue of Cabed. Such playing fast and loose with the atoms, and 
making them into a four-cornered figure at any cost, is scarcely a 
scientific mode of dealing with the question. 

Although no fundamental objections can be raised against the line 
formule as explanations of the modifications of the oximes, &c., there 
is one very distinct objection to them. Every case of isomerism 
which has hitherto been met with has been satisfactorily explained 
by the various atoms or groups being joined to different bonds in the 
different cases (to use a graphic, though unscientific, mode of expres- 
sion), but here the isomerism is explained by the difference in the 
position occupied by the one and only bond concerned. Without 
doubting the movability of the bonds, it seems very undesirable to in- 
troduce such an entirely novel explanation before explanations on well 
established lines have been found inadequate, especially as such an ex- 
planation, in order to be satisfactory at all, would have to apply to 
other compounds besides those containing nitrogen, and the number 
of modifications which would be possible if different modifications 
were obtained, according as one atom inclined towards its different 
neighbours on the one side or on the other, would be enormous, and 
their existence finds no support in known facts, 


express the same fact, and 


4pd2 
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We can scarcely expect to arrive ata satisfactory explanation of 
the isomerism of nitrogen compounds, unless we start on the same 
simple basis as that which has proved so efficient in the case of 
carbon—the simplest possible arrangement of the atoms round the 
central one with which they are combined. With triad nitrogen, the 
only symmetrical arrangement is in one plane, 


and such an arrangement tallies with the fact that simple derivatives 
of ammonia are very stable and show no isomerism. But nitrogen 
can take up two other monads, and the simplest way in which these 
two could be attached to the triad arrangement would be that each 
should be placed symmetrically as regards the other three, one in 
the position indicated by 4, and the other in the corresponding posi- 
tion on the other side.* 


Such an arrangement, moreover, is the most symmetrical possible 
space arrangement of five atoms about another, and is, therefore, 
the only one which it is justifiable to accept. The symmetry, 
however, is not perfect: in the plane of the paper and also in the 
plane cd it is so, but in the plane ab it is not, there being here three 
atoms with angles of 9U°, 90°, and 180° between them respectively. 
Such an arrangement gives a perfect representation of the general 
character of nitrogen compounds: the triad compounds would be 
highly stable because perfectly symmetrical, and although they could 
take up two other atoms to form pentad compounds, these other two 
would be differently placed from the first three, and, the compound 
being imperfectly symmetrical, they would easily split off, leaving 
the more stable triad compound. The only other fairly symmetrical 
arrangement of five atoms round a central one is an arrangement in 
one plane, but the atoms in such a case would not be so nearly equi- 


* The monad atoms are represented as being smaller than the central nitrogen 
atom simply for convenience of illustration. 
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distant from all their fellows as in the above arrangement, and it 
would offer no explanation of the existence and superior stability of 
triad compounds, 

Applying the present conception to explain the isomerism of the 
oximes and hydrazones, we should represent the nitrogen atom as 
united to the carbon tetrahedrons at two points, say, at 1 and 2, then, 
in the absence of any external attraction, the hydroxyl would occupy 
the position 3; but in the presence of the external attraction of a 
and b, it would occupy the bonds 4 and 5 instead, according to which 
attraction was the greatest: the practical result, in fact, is the same 
as that obtained by the tetrahedron or movable-bond formule, but is 
free from the objections to which both these are open; it depends 
only on the recognition of the pentadic character of the nitrogen, 
which can scarcely be denied in any case, and explains isomerism in 
the case of nitrogen compounds on the same principles as those 
which have been accepted in the case of carbon compounds. It may 
be objected that, according to these views, these oximes ought to 
exist in three modifications; it would, perhaps, be premature at 
present to affirm that they do not do so, and even if it is definitely 
proved that they do not, this would be by no means the first case in 
which all the stereoisomers conceivable were incapable of separate 
existence ; indeed, it would seem improbable that an oxime with the 
hydroxyl at the position 3 would ever be sufficiently stable to exist, 
when the hydroxyl can get so much nearer to the attracting group 
a or b by occupying the position 4 or 5. The halogen hydride 
compounds of the oximes would be represented as analogous to the 
oximes themselves, all the three available bonds of the nitrogen 
being in their case occupied. 

As to the possible stereoisomers which the present formula would 
lead to in the case of derivatives of ammonium salts, it will be found 
that compounds with four similar groups, NR,R’, would be incapable 
of isomerism: where three similar groups existed, NR,;R’R”, four 
isomers would be possible, one with the three radicles R in the posi- 
tions 1, 2, and 3, a second with two of them in the 1, 2, 3 plane, and 
the other in the 4 or 5 position, and of this isomer, two modifica- 
tions would be possible according to the relative positions of the two 
remaining radicles (if these were different), while a fourth isomer 
would have two of the R’s in the 4 and 5 position, and the remain- 
ing one in the 1, 2,3 plane. It is probable, however, that, with the 
exception of the first of these arrangements, where the molecule is 
well balanced by having the three similar groups in the same plane, 
these modifications would be very unstable, and they would conse- 
quently change easily into the first one. Compounds with only two 
similar groups might exist in seven modifications, one with the two R’s 
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in the positions 4 and 5, one with them both in the 1, 2, 3 plane, and 
of this there would be three modifications according to the relative 
positions of the other three groups, if these were all different, whilst 
with the other isomer, containing one of the R’s in each of the two 
planes, there might be also three modifications ; but here, again, the 
first-mentioned modification, being the most symmetrical, would be 
the most stable, and, possibly, many of the others would be incapable 
of existence. None of the isomers or modifications in these cases 
would be optically active, as their reflected images are superposable. 
The facts of the case, so far as they are known at present, agree very 
well with these views; a certain amount of evidence indicative of 
isomers in the case of di- and tri-derivatives has been obtained 
(Le Bel, Compt. rend., 110, 114; 112, 724; Schryver, Chem. News, 
63, 175), but attempts to obtain optically active modifications have 
failed, which, as Hantzsch admits, ought not to be the case on his 
tetrahedral theory, where RN in the compound 
(RN)RR’R’R'” 

ought to act just like C in the carbon compounds. A still more 
striking agreement between the present theory and facts is found 
when we come to derivatives with five different radicles, for here each 
of the six different possible modifications (of which, perhaps, one 
only might be sufficiently stable for isolation) should be optically 
active, its reflected image not being superposable, and it is in the 
case of these derivatives only that optical activity has been obtained 
(Le Bel, Compt. rend., 112, 724). 

There are some instances of isomerism known in the case of 
nitrogen singly linked to carbon: the picrylhydrazines and Laden- 
burg’s recently isolated isoconiine (Ber., 26, 854). The latter, for 
instance, with its isomer, is represented by the formule 


Hi H H H C,H, H HW H H it ¢ 3H; 
—o— ee —N C— and ——9—G—0 —N—¢-— 
H H H ) H H H H H H 


and these formule Hantzsch seems to accept (Grundriss, p. 137), 
although they represent the isomerism as being produced by the 
mere rotation of the nitrogen atom about its bonds, a view which 
formed the very grounds on which he rejects the explanation offered 
by Auwers and V. Meyer of the isomerism of the oximes (p. LI11). 
On the present views, however, no difficulty would be experienced in 
explaining such isomers: for instance, the two carbon atoms may be 
united to the nitrogen atoms by the bonds in the 1, 2, 3, plane, and 
according as the hydrogen is in this plane also or in the 4, 5 plane, 
a different substance would result. 
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Other views besides Hantzsch’s have been proposed to explain the 
isomerism of nitrogen compounds, though, curiously, all mention of 
them is omitted in the Grundriss, and some of these show certain 
points of similarity with those here described. Behrend (Ber., 23, 
454) starts with a similar arrangement of 5 atoms round pentad 
nitrogen, and inasmuch as the 4th and 5th atoms generally show 
marked opposite polarity, he represents the nitrogen as having two 
opposite poles, explaining the isomeric oximes, &c., by one or other 
of these poles being presented towards the radicles a and b. 
Willgerodt also (J. pr. Chem. [2], 37, 449; 41, 291; 42, 63) 
starts with a similar arrangement, but drops the idea of the 4th and 
5th bonds being still there when triad compounds are in question, 
and explains the isomerism of the hydrazines by the rotation of 
the two nitrogen atoms about their connecting bonds. Bischoff 
(Ber., 23, 1967) represents pentad nitrogen as being combined with 
four equidistant atoms in one plane, and the fifth in another plane. 
To all these views, however, there are obvious objections. 

However much support the explanation now suggested may receive 
from a consideration of complex substances, its chief claim for 
acceptance should, I think, be based on the fact that it represents 
the simplest arrangement, and is, therefore, the only justifiable 
representation of 3 or 5 atoms in space about another, and that it 
supplies a perfect conception of a general character of triad and 
pentad nitrogen compounds. 

A glance at the proposed arrangement of groups around the nitro- 
gen atom will show that we might have a perfectly symmetrical com- 
pound of nitrogen with two, instead of with three, monads, these 
two being in the 4 and 5 positions. Such a compound, however, 
would probably never be obtained, since the nitrogen could become so 
much more saturated, and not less symmetrical, by combining with 
the three than with the two monads; but if, instead of the two 
monads, we had one dyad atom, the three affinities would no longer 
be capable of being saturated in the same simple manner, and in such 
a case the nitrogen might act as a dyad.* This suggestion may, per- 
haps, serve to remove the long-standing reproach to our theory of 
valencies presented by the existerce of nitric oxide and peroxide. 


* There need not be any inconsistency in regarding a dyad atom as forming a 
symmetrical and well balanced molecule, just as two monads would do, for the fixed 
positions assigned to atoms in stereochemical formule are admittedly merely hyper- 
bolical, the atoms being, no doubt, not fixed, but in a state of vibration about certain 
points, or of revolution in the planes in which these points are situated. 


LXXVIII.—Stibiotantalite. A New Mineral. 


By G. A. Goyper, Analyst, School of Mines and Industries, Adelaide. 


Ix February last, Mr. Knox Brown, of Bunbury, Western Australia, 
brought to Mr. J. J. East, F.G.S., the Registrar of the Adelaide School 
of Mines, samples from the alluvial tin-field at Greenbushes, Western 
Australia. 

Although the ore, dressed for market, appeared to the miners in the 
district to be free from gangue, the assay values on different samples 
sent to Melbourne varied most unaccountably. In looking over the 
samples, Mr. East noticed among the tin ore several specimens which 
appeared to differ in some respects from cassiterite; these had been 
called by the local miners “resin tin” and “ pale tin.” On being 
submitted to a preliminary examination, they were found to contain a 
good deal of antimony, but appeared to be unlike any of the knowr 
antimony minerals. Some of the specimens were handed to me for 
analysis by Mr, East. 

Qualitative Analysis—The powdered mineral appearing to be in- 
soluble in the ordinary acids, a portion was fused with caustic potash in 
a nickel crucible, extracted with water, and filtered; on commencing 
to wash the precipitate, the filtrate, previously clear, came through 
turbid, but became clear again as it passed into the bulk of the filtrate. 
The clear filtrate was acidified with hydrochloric acid and the white 
precipitate (a) produced filtered and washed with water. 

A portion of (a) was ignited and weighed in a platinum dish, 
heated with hydrofluoric and sulphuric acids, evaporated, ignited, 
and again weighed, but the weight was the same as at first ; part of the 
residue tested by fusion in a bead of sodium carbonate caused effer- 
vescence, and eventually gave a bead, when hot, clear and colourless, 
but, on cooling, crystallising with slight reincandescence to an opaque, 
colourless bead. 

Another portion of (a) was fused with potassium bisulphate, ex- 
tracted with cold water, decanted and filtered; the filtrate, when 
largely diluted and boiled for some time, gave no precipitate. The 
residue insoluble in water was then thoroughly washed with boiling 
water and digested with boiling hydrochloric acid, in which it ap- 
peared to be quite insoluble, but a portion of it, when boiled with 
concentrated sulphuric acid, dissolved slowly, and when poured into 
a large excess of water, was reprecipitated. 

As these reactions pointed to the presence of tantalic and niobic 
acids, the remainder of (a) was dissolved in hydrofluoric acid, the 
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excess of acid evaporated, the residue diluted with water, and a por- 
tion tested with tincture of galls, which gave a yellow precipitate. 
Another portion of the solution gave a yellow precipitate with potas- 
sium ferrocyanide. To the remainder of the solution potassium 
fluoride was added, and the solution, when gently warmed and con- 
centrated, gave an acicular crystalline precipitate of potassium fluo- 
tantalate (K,TaF;); the filtrate from this gave an orange precipitate 
with tincture of galls, thus proving the presence of niobic acid. 
Further confirmation of the presence of these two acids was ob- 
tained by the blowpipe and wet reactions. ee 

Examination by the usual methods indicated much antimony, with 
traces of bismuth, nickel, iron, and manganese. 

Quantitative Analysis——The sample was crushed and levigated with 
water and dried in the water-oven. 1 gram was taken and fused in 
a platinum crucible with 4 grams of potassium bisulphate, the fused 
mass treated frequently with boiling water and decanted, thrown ou 
a filter, and washed. The filtrate was found to contain a trace of 
antimony (which was separated and added to the main precipitate 
afterwards obtained) and a trace of iron, but no titanic acid. The 
precipitate was digested with cold yellow ammonium sulphide, with 
frequent agitation, then decanted, the operation repeated, and the 
residue thrown on a filter and washed with yellow ammonium sulph- 
ide and water. The residue was again washed into a beaker and 
boiled with hydrochloric acid till it became white, then filtered, washed, 
and ignited in a muffle to constant weight ; it weighed 0°5976 gram. 
The acids were again fused with potassium bisulphate and exhausted 
with boiling water and afterwards boiled with hydrochloric acid 
mixed with a little tartaric acid; the latter solution, after filtration, 
yielding 0°0107 gram of antimony oxide (Sb,0;) ; this was therefore 
deducted from the previous weight, leaving 0°5869 gram as the weight 
of the acids. Part of residue suffered no loss of weight on evaporat- 
ing and igniting with hydrofluoric and sulphuric acids. 

An attempt was then made to separate the niobic from the tantalic 
acid by precipitation of the latter as potassium fluotantalate, but, 
although a partial separation was effected, it did not appear possible, 
with the limited material in hand, to obtain sufficient knowledge of 
the special precautions necessary to obtain a trustworthy result. 

It was, therefore, decided to calculate the proportions of the 
two acids from the quantity of antimony oxide with which they 
had been combined, the oxide of bismuth present being calculated 
into oxide of antimony; for the calculation the following data was 
used :— 
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Sb,0; 40°23 + (Bi,0; 0°82 p. c. = Sb,0; 0°51 p. c.) 
Ta,0O; + Nb,O; 


Nb,O,, 267°4, 
58°69 — x = Nb.O,, 


Sb,0;, 288, 
a = TaO; and 
732 , » 555°4 
2 —— 8°69 — # —_— = 99°43. 
Then tau +5 © 67d 9 
.. @ = 52°45 p. c. Ta,0;, and 58°69 — « = 6:24 p. c. Nb,O;. 
As the molecular weights of the two acids are so different, the 
results obtained are probably within the limits of variation of different 
specimens of the same mineral. 
The other constituents were determined in the usual way. An 
analysis was also made by the same method of another specimen, 
the results being given in No. 2 below. 


No. 1. 


51:13 
7°56 
40°23 
0-82 
0-08 
trace 


trace 


No. 2. 
51°95 
4:49 
38°04 
0°79 
trace 
0°39 
0°30 
trace 


— 3°14 
0°08 0°61 


99°71 
Specific gravity 6°60 


Sample No. 1 being much the more nearly pure, the ratio of the 
acids in it may be considered the more trustworthy. 


Physical Properties. 


Crystallisation, indistinct, probably orthorhombic. Hardness,5—9'd. 
Specific gravity, 6°47—7:37. Lustre, adamantine. Colour, pale 
reddish-yellow to greenish-yellow and yellow. Streak, nearly white. 
Opaque to sub-translucent. Fracture, sub-conchoidal to granular. 

The specimens received were all too water-worn to determine the 
crystalline form, but some minute cleavage faces noticed in the 
powdered mineral under the microscope showed that it was not 
oblique, and no part of the powdered mineral could be seen to give 
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an opaque field when rotated between crossed Nicol prisms, from which 
it may be inferred that the mineral is probably orthorhombic. 

The specific gravity of the pure mineral is probably 7°37 or over. 
Hardly a trace of extraneous mineral could be seen when the powder 
of the specimen, of sp. gr. 7°37, was examined under the microscope, 
whilst in the specimen of sp. gr. 6°6 a small quantity of red, ochreous 
material could be distinguished. 

Although the fresh fracture shows adamantine, or almost metallic 
lustre, the water-worn fragments have a resinous appearance. 

I have not seen the reincandescence of a sodium tantalate bead 
on cooling after fusion, previously noticed. It is similar to that of 
sodium titanate, but less marked. 

It is expected that a further supply of the mineral will be shortly 
obtained, among which it is hoped that definite crystals may be 
found, which will furnish material for further analyses. 


Assay Depurtment, 
School of Mines and Industries, 
Adelaide, South Australia. 


LXXIX.—The Use of Sodium Peroxide as an Analytical Agent. 


By Joun Crarx, Ph.D. 


Ix 1871, in a paper on the Estimation of Chromium (Chem. News, 
24, 304), I pointed out the strong oxidising action of a mixture 
of caustic soda and calcined magnesia, and on subsequent occa- 
sions I showed that this action could be utilised for the estimation of 
sulphur in pyrites (J. Soc. Chem. Ind., 4, 329), and for the oxidation 
of arsenic in minerals to arsenic acid (J. Soc. Chem. Ind., 6, 352). 
The exact cause of the oxidising action of the mixture was not quite 
clear at the time, but I have since come to the conclusion that it is 
due to the formation of the peroxides of sodium and magnesium, as, 
when the mixture is heated cautiously and then dissolved in water, 
peroxides can be detected both in the soluble and insoluble portions. 
Sodium peroxide is now an article of commerce, and W. Hempel 
has recently pointed out (Zeit. anorg. Chem., 3, 193) its superiority 
over other oxidising agents, on account of its purity and of the rapidity 
of its action. He also shows that it is an excellent material for the 
detection of chromium and manganese, and for rendering titanium 
iron ore soluble, but he considers that for the oxidation of sulphur 
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compounds it is absolutely necessary to reduce the violence of its 
action by the addition of sodium carbonate; for this purpose he 
recommends the use of half its weight of the carbonate, and states 
that the mixture gives good results with pyrites, galena, and blende. 

My experiments indicate that, owing to the suddenness of its oxid- 
ising action, sodium peroxide cannot be heated with coal or coke, 
even when mixed with sodium carbonate, without violent deflagration. 
In contact with combustible matter it gives up its oxygen at such 
a low temperature that it is even dangerous to keep it in paper; the 
heat of the hand being sufficient to induce oxidation after a time. 

I can fully endorse Hempel’s remarks on the suitability of sodium 
peroxide for the estimation of sulphur in minerals, but I prefer to use 
the peroxide without admixture with carbonate, as when a sufficiently 
low temperature is employed there is less tendency to loss by spirting, 
and the action is completed in less time. When pyrites is heated 
cautiously with six times its weight of sodium peroxide in a platinum 
or nickel crucible, placed about 2 inches above a very low bunsen 
flame, oxidation begins almost immediately, and the mixture becomes 
red-hot, but there is no spirting, and the action is complete in a few 
minutes. On treatment with water, the whole of the sulphur is ob- 
tained in solution, and only requires to be precipitated as barium 
sulphate after the liquid has been acidified. 


Example. 


Pyrites taken. Sodium peroxide taken. Sulphur found. 
1 gram 6 grams 43°66 per cent. 
1 , 6 » 4363, 


In the case of blende, there is no deflagration, but on treatment 
with water part of the zinc dissolves out along with the sulphur, 
so that, when it is desired to estimate the zinc also, the mixture must 
be acidified with hydrochloric acid, and precipitated with sodium 
carbonate before filtration. 

When galena has been heated with sodium peroxide in the manner 
indicated, part of the lead is dissolved on treatment with water, and 
the remainder seems to be chiefly in the form of dioxide. It is there- 
fore advisable to acidify slightly with nitric acid and boil with excess 
of sodium carbonate, when the lead will be rendered insoluble, and 
the whole of the sulphur will be found in the filtrate. 


Example. 


Galena taken. Sodium peroxide taken. Sulphur found. 
1 gram 6 grams 14°04 per cent. 
Bite _ 1418 9 
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Arsenic can also be estimated in minerals by fusing with sodium 

roxide, which converts the arsenic into the soluble arsenate; after 
removal of the insoluble residue, the arsenic acid can be estimated by 
any of the known methods. 


Estimation of Chromium. 


Not only can sodium peroxide be used for the detection of chromium, 
as pointed out by Hempel, but it is specially valuable for the estima- 
tion of chromium and the analysis of chrome ore, on account of the 
ease with which the constituents are rendered soluble, and the fact 
that nothing but sodium peroxide requires to be added. The tem- 
perature employed should not be sufficient to liquefy the mixture, but 
just enough to make it pasty; this will cause the contents of the 
crucible to shrink, and to leave a space between the mixture and the 
walls of the crucible. Under these conditions, the sodium peroxide 
has very little action on the platinum, and the oxidation is very 
complete. After the contents have been extracted with water, the 
solation must be boiled for some time to decompose any excess of 
sodium peroxide if the chromic acid is to be titrated. The insoluble 
residue dissolves easily in hydrochloric acid, and should always be 
tested for traces of undecomposed ore, which may be again fused 
with the peroxide. 

About a year ago J pointed out (J. Soc. Chem. Ind., 11, 584) that 
alloys rich in chromium which are only partially soluble in acid can 
be directly converted into soluble chromate by heating cautiously 
with caustic soda and calcined magnesia. 

With sodium peroxide, the action is still more energetic, so much so 
that when ferrochromium in fine powder is mixed with about six 
times its weight of sodium peroxide and heated in a platinum cruci- 
ble at the same low temperature as before, oxidation begins at once, 
and the heat developed is so great that the contents of the crucible 
become red hot, and the action is complete in a few minutes. 

If the ferrochromium is in a sufficiently fine state of division, the 
whole of the chromium is rendered soluble, and may be titrated after 
boiling and filtering, but as a little of the chromium is apt to escape 
oxidation, the insoluble matter should always be fused again with 
sodium peroxide. 


Examples. 


05 gram of ferrochromium treated this way gave the following 
results. 
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A. B. 
Chromium per cent. Chromium per cent. 


lst fusion 
2nd fusion 


er 


Solution of sodium peroxide may be used for the qualitative separa- 
tion of chromium from iron and manganese, as it converts the pre- 
cipitated oxide into chromic acid in an alkaline solution, even in the 
cold. When this process is applied quantitatively to the estimation 
of chromium in steel or in liquids containing a good deal of iron, the 
sodium peroxide should be added to the cold acid liquid until it is 
rendered alkaline, and then boiled, but I find the results are generally 
somewhat low, even when the iron is precipitated twice in this way. 

A solution of sodium peroxide can also be used for the quantitative 
separation of manganese from zinc, nickel, and cobalt, but the solution 
requires to be made with cold water, and should not be kept for any 
length of time, as it gradually undergoes decomposition, and when 
heated to the boiling point, the decomposition is complete in a few 
minutes. In the case of zinc and manganese, the addition of an 
aqueous solution of sodiam peroxide to the ammoniacal liquid throws 
down the manganese quite free from zinc, but for the complete sepa- 
ration of manganese from nickel it is generally requisite to dissolve 
the precipitate and again throw down the manganese with the 
ammoniacal peroxide ; in the case of cobalt, it is necessary to redis- 
solve and reprecipitate the manganese twice before it can be obtained 


pure. 


Examples. 

Taken. Weight of Mn,0,;. Mn found. 
07191 gram 0°267 0°192 
O11 - _— das 

One precipitation. 


Taken. Weight of Mn,;0,. Mn found. 
0°191 gram 0°265 0°190 
O15 ,, ae ii 


Two precipitations. 


Taken. Weight of Mn,;0,. Mn found. 
0°267 0°192 


— — 


” 


Three precipitations. 


In the case of mixtures of manganese and cobalt, it is very im- 
portant that the cobalt should be in the highest state of oxidation 
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before the addition of the ammoniacal sodium peroxide. This object 
may be attained by saturating the cold solution with chlorine, or by 
adding sodium peroxide to the cold acid liquid before rendering it 
alkaline with ammonia. 


City Analyst's Laboratory, 
Glasgow. 


LXXX.—The Colouring Matters of Drosera Whittakeri. 


By Epwarp H. Rennie, M.A., D.Sc., Professor of Chemistry in the - 
University of Adelaide, South Australia. 


Since the previous paper on this subject (Trans., 1887, 51, 371) was 
communicated to the Society, efforts have been made to complete the 
examination of these colouring matters, but owing to the difficulty 
and expense of obtaining material and to constant interruptions in 
the prosecution of the work, the investigation is still far from com- 


plete. It is thought better, however, the supply of material having 
been for the present exhausted, to lay such results as have been 
obtained before the Society, rather than to wait a considerably longer 
time before publishing anything more. 

The purification of the crude material used in these experiments 
was effected much in the same way as previously described (loc. cit.), 
but a fatty matter, not before noticed, which is soluble in hot alcohol 
and separates out on cooling, gave some considerable trouble, neces- 
sitating a second, and in some cases a third, sublimation, besides 
additional crystallisations, before the substance was obtained in a 
satisfactory condition. The two colouring matters were separated, 
as before, by crystallisation from glacial acetic acid. 


Further examination of the less soluble substance, C,,H,Os. 


In order to fully confirm the preliminary work (loc. cit.), three 
more combustions of the less soluble substance were made after 
recrystallising it several times. The following are the results. 


02459 gave 0°5385 CO, and 0:0900 H,O. C = 59°72; H = 4°06. 

02588 ,, 0°5668 a 0°0899 _,, C = 59°75; H = 3°86. 

0°2320 ,, 05075 " 00813, C = 59°66; H = 3:89. 
C,,H,O; requires C = 60°00; H. = 3°64 per cent. 
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All these specimens melted at 192°, the same melting point as that 
previously found. There can be no doubt, therefore, as to the 
identity of this substance with that previously prepared. 


Molecular Weight——An attempt tov obtain the vapour density by 
Victor Meyer’s method having failed, owing to decomposition of the 
substance, recourse was had to Raoult’s freezing point method, using 
glacial acetic acid as solvent, with the following results. 


is II. 
1. Weight of substance taken... QO 117 gram. 0°126 gram. 
Weight of solvent 28°81 grams. 27°27 grams. 
Depression of freezing point.. _0°065°. 0-08°. 


Therefore, using the constant 3860, given by Ostwald for acetic acid, 


3860 x O117 _ : 
0065 x 28°81 ~ ai 
os 3860 x 0°126 = 293. 
0-08 x 27°27 
Molecular weight calculated for C,,H,O; = 220. 


Molecular weight, I = 


II 


These results are fairly close, considering the slight solubility of 
the substance in cold acetic acid, and the consequent small range of 
alteration in the freezing point of the solvent. 

Acetyl derivative——Previous experiments having indicated the 
probable existence of three hydroxyl groups in the substance C,,H,0,, 
experiments were made to prove this point. Some of the substance 
was heated in a sealed tube during several hours, at 150—160°, with 
excess of acetic anhydride. On cooling, a yellow substance crystal- 
lised out, which was several times recrystallised from benzene after 
draining off the mother liquors. It melted at 153—154°. Another 
sample, prepared in the same way, gave the same melting point, but 
the yield was unsatisfactory. Some more of the substance was then 
boiled for a few minutes with excess of acetic anhydride and a small 
piece of zinc chloride in an ordinary beaker covered with a watch 
glass. .On cooling, an abundant crop of yellow crystals was obtained, 
and these, after one or two crystallisations from glacial acetic acid, 
were found to be pure; the melting point, however, was only 137—138". 
Several other specimens prepared in the same way, after eight to 10 
recrystallisations, gave still the same melting point. There was ob- 
viously, therefore, some marked difference between this substance and 
that prepared by the previous method. Several experiments were 
therefore made to determine by hydrolysis the nature of the substance 
of melting point 137—138", the process being carried out in the follow- 
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ing manner. A weighed quantity was boiled during a few minutes with 
a solution of caustic soda, then acidified with hydrochoric acid, and, 
after cooling, the liquid was extracted with ether until colourless. 
The ethereal extract was then distilled in a tared flask, and the 
weight of the residue determined. A previous experiment, carried 
out in a similar way with a weighed quantity of the original sub- 
stance of the formula C,,H,O,; had shown that the process was very 
fairly accurate. The following results were obtained, the samples of 
acetyl derivative having been all dried at 100°. 


0'3318 gram gave 0°1880 C,,H,O; = 56°6 per cent. 

0°4495 ” 02575 , wS738 , 

0:2383 - 0145 , 4 ,, 

0'2187 » 01900 , =S67T , 

As a triacetyl derivative should yield 63°6 per cent. of C,,H,0;, 
these figures were obviously unsatisfactory, but on further examina- 
tion the difficulty disappeared. It was found that the substance 
melting at 137—138° very slowly lost weight at 100°, and much more 
rapidly at 120—130°, finally, however, ceasing to lose weight, and 
then melting at 153—154°. An experiment with a sample treated in 
this way, and melting at 153—154°, gave a much more satisfactory 
result, 0°2812 gram yielding 0°1772 C,,H,O; = 63°01 per cent. 

The figures obtained in the previous experiments leave little doubt 
that the substance melting at 137—138° is a compound of the 
triacetyl derivative melting at 153—154° with 1 mol. of acetic acid 
(acetic acid of crystallisation ?), Such a compound should yield 
5418 per cent. of C,,H,O; on hydrolysis. That the figures actually 
obtained are from 2 to 3 per cent. higher than this is doubtless due to 
the fact that the samples used had been dried during some time at 
100°, and therefore had lost some acetic acid. In fact, by simply 
keeping during several weeks in the air, a considerable part of the 
acetic acid was given off. A direct determination of the loss at 
120—130° gave the following results. 


0448 gram substance lost 0°069 gram = 15°4 per cent. 
C,,H,0,(C,H;0); + C.H,0, requires = 14°77 ” 


That the loss of weight was due to the escape of acetic acid, and 
not of water, was pretty obvious from the method of preparation, and 
from the fact that in the process of heating the yellow colour did not 
change, as it would have done in the presence of water from partial 
hydrolysis. In order to remove any doubt, however, a direct experi- 
ment was made which showed that acetic acid was actually given off. 

Metallic Derivatives.—It was mentioned in the previous paper 
(loc. cit.) that a small quantity of crystalline substance had been 
obtained which appeared to be a potassium derivative. Further 
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experiments have shown that some metallic derivatives are com- 
paratively easily obtained. On boiling the substance with sodium 
carbonate and a little water, complete dissolution was effected, carb- 
onic anhydride was evolved, and, on cooling, a mass of crystals of 
a rich brown colour separated. Under the microscope, they appeared 
as short, dark, reddish-brown needles; they were recrystallised from 
water and heated to 100°; they did not, however, become anhydrous 
at 100°, but gave off more water when heated at 130—140°. 


0°405 gram substance lost (at 130—140°) 0°0522 H,O = 12°88. 
0°3039 - (dried at 100°) gave 0°0782 gram Na,SQ,. 
Na = 8:33. 

C,,H,O;Na,2H,0 requires Na = 8:27; H,O = 12°95 per cent. 

This compound is therefore a monosodium derivative retaining 
2 mols. of water at 100°. 

On adding a solution of the monosodium derivative to a solution of 
calcium chloride, a crystalline precipitate of a rich, dark-brown 
colour was formed, which, like the monosodium derivative, is not 
anhydrous at 100°. 

0°225 gram, dried at 100°, lost (at 130—140°) 0°0235 H,O = 10°44, 

and yielded 0°0605 CaSQ,. Ca = 7:9 per cent. . 
(Cy,H;0;).Ca,3H,0 requires Ca = 7°52; H,O = 10°15. 


The barium derivative separated from the solution as a thick jelly 
which could not be obtained in a crystalline state. The silver deriva- 
tive could not be precipitated by adding the monosodium salt toa 
solution of silver nitrate. 

On adding to the monosodium derivative a quantity of pure caustic 
soda (very slightly in excess of that required to form a disodium 
derivative) dissolved in a small quantity of water, the mass, which 
was at first quite thin and watery, soon became almost solid, and 
exhibited a distinct green sheen like that possessed by rosaniline 
salts. A little cold water having been added, the mass was filtered 
under reduced pressure, washed with a little cold water, and then left 
in vacuo over sulphuric acid during several hours. Under the micro- 
scope, it appeared as a homogeneous mass of needles. 


0°2305 gram, heated at 100°, lost 0°0115 gram, and, on further 


heating at 120—140°, lost nothing more; loss = 4°99 per cent. 
Theory for C,,H,O;Na,,H,O is 6°38 per cent. 


Possibly the substance had lost some water in vacuo, but it is 
obviously different from the monosodium derivative. 


0°219 gram dry substance gave 0°1205 gram Na,SO,. Na = 17°82. 
C,,H,O,Na requires Na = 17. 


~~ —~_ ee Fe eee 
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Other samples were made in a similar way, but had a less satis- 
factory appearance, and did not show the green sheen so well as the 
first sample; they gave respectively Na = 16°4 and 16:77. These 
figures are not so satisfactory as could be wished, but they indicate 
the existence of a disodium derivative. Further experiments could 
not be undertaken for want of material. 

Oxidation.—It was previously shown that the substance C,,H,Os, 
when oxidised by dichromate mixture, yields acetic acid. Attempts 
to obtain an intermediate oxidation product by other oxidising 
agents have so far failed. Nitric acid oxidises it completely and 
easily to oxalic acid. 

Attempts to prepare an Acetyl Derivative of the Reduction Product 
Cy, HiO;.—The reduction product, C;,HiO;, mentioned in the previous 
paper, was boiled with excess of acetic anhydride and a fragment of 
zinc chloride; a white, crystalline substance was obtained, but only 
in small quantity, and was difficult to purify (at least with the small 
amount in hand). Sufficient material could not be obtained for a 
proper examination. One sample melted at 204—205°. 


Further Examination of the Substance C,H,O,. 


A fresh quantity of the more soluble substance C,,H,O, was pre- 
pared from the mother liquor after crystallisation of the less soluble 
substance, much in the same way as previously described, but instead 
of attempting to purify it more thoroughly by further crystallisation, 
it was boiled during a few minutes with acetic anhydride and a frag- 
ment of zinc chloride. On adding water to the product, a mass of 
yellow crystals soon formed, which proved to be a mixture of a small 
quantity of the acetyl derivative of the compound C,,H,O; with a 
larger quantity of the acetyl derivative of the compound C,H,0,. 
The two substances could, however, be separated with comparative 
ease by crystallisation, the former being much the less soluble. On 
hydrolysing the latter with caustic soda and acidifying with hydro- 
chloric acid, the original substance, C,,H,O,, was obtained. This was 
recrystallised from a large quantity of water containing a trace of 
acid. Various samples obtained in this way melted at temperatures 
varying from 170° to 175°, and after two crystallisations from alcohol, 
at 174—175°. A specimen on combustion gave the following result, 
confirming the formula originally given. 


02004 gave 0°4734 CO, and 0:0755 H,O. C = 6442; H = 418. 
C,,H,O, requires C = 6470; H = 3°92 per cent. 


There is reason to doubt, however, whether the substance thus ob- 


tained is pure. (See under Oxidation.) 
4p 2 
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Acetyl Derivative-—The acetyl derivative was obtained by adding 
water to the mother liquor left after separation of the acetyl derivative 
of C,,H,0;, as described above, and further purifying the precipitate 
by dissolving again in acetic acid (not so strong as commercial glacial 
acid), and fractionally precipitating by addition of water, rejecting 
the earlier portions of the precipitate. It was then again crystallised 
from acetic acid. All the samples so prepared consisted of yellow 
needles melting at 109—110°. On combustion of the substance dried 
at 100° the following results were obtained. 


0°1050 gave 0°2425 CO, and 0°0455 H,O. C = 62°98; H = 4°81. 
02117 ,, 04867 - 00877. ,, OC = 62°70; H = 4°65. 
C,,H,0,(C,H;0), requires C = 62°50; H = 4°16 per cent. 


On hydrolysing exactly in the manner described in the earlier part 
of the paper, the following results were obtained. 


0°4100 gave 0°2845 C,,H,O, = 69°4. 
05435 ,, 03805  ,, = 70°0. 
C,,H,0,(C,H;0), requires 70°83 per cent. 


A diacetyl derivative is therefore formed. 

A small specimen made from the purest specimen of C,,H,Q,, ob- 
tained as above described, melted at 110°, but as it is doubtful, for 
reasons to be presently stated, whether the original substance was 
pure, the purity of the acetyl derivative is equally doubtful. 

Metallic Derivatives.—The substance readily dissolves in a solution 
of sodium carbonate, but the sodium salt is so soluble that it has not 
yet been obtained in a form suitable for analysis. 

Oxidation.—About 05 gram of the substance was boiled during 
some time, in a reflux apparatus, with a dichromate mixture contain- 
ing about 5 per cent. of K,Cr,0, and 10 per cent. H,SO,. The liquid 
was then distilled to a small bulk, water added, and again distilled. 
The strongly acid distillate was neutralised with barium carbonate, 
and the barium salt purified in the usual manner. It behaved as an 
acetate, and a barium determination gave the following result. 


0°2582 gave 0°2362 BaSO,. Ba = 54°22. 
Barium acetate requires Ba = 53°72 per cent. 


The residual liquid in the flask after the distillation yielded to ether 
a very small quantity of a crystalline substance, not sufficient in 
quantity for examination. 

An attempt to moderate the oxidation, and so obtain an intermediate 
product, led to a curious and unexpected result. About 0°7 gram of 
the substance C,,H,O, was introduced into a flask with a quantity of 
water and carbon tetrachloride, and the flask attached to a reversed 
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condenser. The mixture was heated to boiling, and, by means of a tap 
funnel passing through the cork, about 47 c.c. of an oxidising solution 
of the same strength as mentioned above was slowly run in, the object 
being to ensure, as far as possible, an excess of the oxidisable substance 
during the operation, the quantity of dichromate being insufficient 
for complete oxidation. On cooling and standing, a small quantity 
of yellow crystals separated, both from the aqueous solution and 
from the carbon tetrachloride. These crystals, after washing and 
drying, melted at about 178°, and gave the qualitative reactions of 
the original substance, but the quantity was not large enough for 
complete examination. If this be the substance C,,H,O, in a purified 
condition (the colour of all samples hitherto prepared being red), 
and it seems at least probable that it is, it follows that the less solu- 
ble substance, C,,H,O;, must adhere very obstinately in small quan- 
tity to its companion. It would also follow, of course, that the 
substance C,,H,O; is the more easily oxidisable, at any rate by 
chromic acid. Without further investigation it is, perhaps, too early 
to assume that this interpretation is correct, but, if it is so, it has 
struck the writer that this result may have some bearing on Dr. 
Armstrong’s contention that the colours of certain substances, which 
he believed should be colourless, are due to small quantities of 
obstinately adhering impurities. 

Conclusion.—Material is wanting at present for a continuation of 
this investigation, but more is being accumulated with a view to an 
attempt at its completion. The experiments above described, how- 
ever, so faras they go, fully bear out the opinion previously expressed, 
that these substances are hydroxy-derivatives of a methylnaphtha- 
quinone. 


LXXXI.—The Molecular Complexity of Liquids. 


By Wittiam Ramsay, Ph.D., F.R.S., and Joun Saretos, Ph.D., D.Sc. 


Ir it were required to determine the molecular complexity of a gas 
without a knowledge of its density, a method could be devised, de- 
pending on a measurement of the rate of alteration of its volume 
energy (the product of its volume and pressure, usually denoted by 
the letters pv) with temperature. For, supposing the gas not to 
dissociate into simpler molecules with rise of temperature, it will 
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follow Gay Lussac’s law, i.e., its volume will increase by a definite 
increment for each rise of 1°. Or, supposing that volume be main- 
tained constant, its pressure will increase by a definite increment for 
each rise of 1°; and from these statements, both of which are true, it 
may be deduced that the product of pressure and volume, that is, the 
volume energy, will increase by definite increments for equal rises of 
temperature. This increment, supposing the gas to have been 
originally measured at 0°, amounts to 1/273 of the original product 
of pressure and volume for each degree centigrade. 

If, as is now customary, we choose as the unit of volume of a gas 
the volume in litres occupied by the molecular weight expressed in 
grams, and as unit of pressure an atmosphere, and if we reckon tem- 
perature from absolute zero, the numerical value of R, the factor by 
which absolute temperature must be multiplied in order that it may 
be equated with the volume energy of the gas, is 0°0819; thus, 


pe = 0°0819T. 


If, then, in investigating an unknown gas or vapour, we happened 
to find that its volume energy increased proportionately to the absolute 
temperature, and that the factor necessary for the above equation was 
0°0819, we should be justified in assuming that the molecular weight 


chosen in expressing v was the correct one. 

But if a different factor were found necessary, for instance, the 
factor 0°0819 x 2, or 0°1638, we should conclude that the number 
chosen for the molecular weight, and consequently for the volume of 
the gas, was twice as great as it should have been. And if it were 
found, moreover, that the actual factor were some number inter- 
mediate between 0°0819 and 0°1638, the deduction would follow that 
we were dealing with a mixture. If, lastly, the value of the factor 
were found to alter with rise of temperature, it would follow that the 
mixture was altering the relative amounts of its constituents as the 
temperature rose; the relation between volume energy and tempera- 
ture would then no longer be a rectilinear, but a curvilinear, one; and 
the composition of the mixture could be deduced at any given tem- 
perature by comparison of the slope of the tangent to the curve at 
that temperature with the slope of the normal line, expressed by the 
number 0°0819. And the ratio of the normal factor, 0°0819, to the 
number found would give the number of simple molecules which had 
coalesced to form a complex molecule. 

This method would offer no advantage in determining the mole- 
cular weight of a gas, because the ordinary application of Avogadro’s 
law is much more direct and simple, and involves precisely the same 
data. But by considering it, we may obtain a clearer conception of 
the method to be described, by which the molecular weights of sub- 
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stances in the liquid state may be determined with considerable 
accuracy, and withont much expenditure of labour. 

A striking analogy exists between the volume energy equation of 
a gas and the surface energy equation of a liquid. The former has 


the form 
pv = RT, 


the terms of which have been explained. For a liquid, the equation 


is 

ys = k(+ — d). 
Here ¥ is surface tension, s is surface, k is a constant analogous to 
R, and 7 is temperature measured downwards from the critical tem- 
perature; d is a constant, to be subtracted from 7, because the line 
representing the variation of surface energy with temperature has its 
origin not at the critical temperature, but about 6° below that 
temperature. 

It has already been shown, in a memoir soon to appear in the 
Phil. Trans., by a series of experiments with ethyl oxide, methyl 
formate, ethyl acetate, benzene, chlorobenzene, and carbon tetra- 
chloride, that the molecular surface energy of liquids which do not 
dissociate varies directly with (7 — d) between very wide limits of 
temperature; between atmospheric temperature and about 25° below 
their respective critical points for all, and for ether and the two esters, 
as low as —20°. The two alcohols and acetic acid, however, exhibit 
a very different behaviour, as in their case the variation of surface 
energy with temperature is not a rectilinear one; and from the well- 
known behaviour of acetic acid, it is obvious to what cause the 
abnormality is to be ascribed. The variation is incontestably due to 
association of simpler gaseous molecules into complex groupings as 
temperature falls; and there is good reason for believing that the 
behaviour of the alcohols is to be attributed to a similar cause. 

In the gas equation, py = RT, it is customary to choose, as 
standard volume, the volume in litres occupied by the molecular 
weight of the gas expressed in grams, or, if the gas is a normal one, 
22°32 litres. If the volume be chosen without having regard to 
molecular weight, R will remain constant for the particular gas at 
different temperatures, but it will not be possible to deduce any fact 
concerning the molecular weight of the gas, except that it does not 
vary under the conditions of the experiment. Hence the necessity of 
selecting that volume which contains, in all cases, an equal number 
of molecules. 

Similarly it is necessary, in comparing different liquids with each 
other, to select surfaces on which equal numbers of molecules lie. 
This is easily calculable, as Eétvés has shown, on the assumption 
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that the molecules are distributed regularly on the surface of a 
liquid at distances the same as those which separate the molecules of 
the liquid on any imaginary plane drawn through its interior. The 
molecular volume of a liquid is that volume expressed in cubic centi- 
metres which is occupied by the molecular weight taken in grams; 
the cube root of the molecular volume gives the relative number of 
molecules along a line 1 cm. long, and the square of this number 
represents the relative number of molecules distributed on unit 
surface, i.c., on 1 sq. cm. of the liquid. Hence (Mv)! may be termed 
the “molecular surface” of a liquid. It is this quantity which, 
when multiplied by the surface tension, y, gives the molecular surface 
energy 7(Mv)t, that is, the energy which must be expended in pro- 
ducing a surface on which is distributed a definite number of mole- 
cules, the same for all liquids. If the suitable molecular weight, M, 
has been chosen, then R has the value 2°121, as shown in the memoir 
already referred to. But if M has been chosen incorrectly, on the 
presumption that the gaseous molecules are not altered in complexity 
by the process of liquefaction, then the value of R will be found less 
than 2°121, if association has occurred, and greater than 2°121 if dis- 
sociation. The last case has not been observed, and it is not at all 
probable that liquefaction, which is always accompanied by approach 
of molecules, and hence which may be regarded as tending in the 
same direction as pressure, should produce dissociation. 

From the found value of R, should it not coincide with the number 
2°121, it is easy to calculate the amount of association which has 
taken place. For let 2 denote the average number of simple mole- 
cules which unite to form a complex molecule, and R’ the altered 
value of R, then 


21214 


Having thus indicated the reasoning on which our method of deter- 
mining the molecular weights of liquids depends, we shall next describe 
the apparatus required to determine this constant; and, lastly, we shall 
give an account of experiments on a number of liquids selected with 
a view to their serving as types, so as to afford a fairly complete 
survey of the whole field. 

Description of the Apparatus.—In order to determine the variation 
of molecular surface energy with temperature, it is necessary to 
measure capillarity and density at two different temperatures. It is 
convenient to select an interval of about 30°; for thus the capillary 
rise is sufficiently great to admit of reasonably accurate measure- 
ment; and the interval of temperature is not so great as to cause the 
differential to vary much from its true value. The temperature of 
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running tap water serves well for one of the points; the temperature 
of the vapour of carbon bisulphide, a cheap liquid, and one easily got 
ina pure state, boiling under atmospheric pressure at about 46°, may 
be conveniently used for the other point. Should it be desired to 
find the rate of increase at higher temperatures, the experimental 
tube may be jacketed with alcohol vapour, or that of chlorobenzene, 
giving respectively the temperatures 78'4° and 132° when boiling at 
normal pressure. 

The form of the apparatus will be understood by help of the 
figures on p. 1094. 

A is a capillary tube, open at its upper end, and sealed at B on to 
a thin rod of glass. At B the capillary is blown ont into a small 
bulb, in the side of which a minute hole is blown. The stem is 
sealed to a short, wider tube of very thin glass, which contains a 
spiral of thin iron wire. It is closed at its lowerend. The method 
of making the capillary tube requires a more detailed description. A 
piece of tubing, fairly stout in the wall, and about 1 cm. in width, is 
heated to redness, and drawn out into a fine capillary by an assistant, 
who walks rapidly away from the blowpipe while the operator holds 
the other end of the hot glass tube. The whole capillary should be 
some 10 or 12 feet long. From the middle, pieces are cut off about 
10 cm. in length, and a rough experiment is made with ether to 
ascertain the approximate diameter, and their fitness for the purpose 
in view. Tubes in which the ether rises about 4 cm. are of a con- 
venient bore. A piece of such tubing is dipped into ether, inclined so 
as to cause the ether to fill it, and then sealed at one end. The thin 
glass tube containing the wire spiral having been made and sealed 
on to its stem, which should not exceed 1 mm. in thickness, the open 
end of the capillary tube is brought into contact with the thin rod in 
an exceedingly fine-pointed flame, and immediately removed. The 
effect is to seal the capillary to the rod, and at the same moment the 
ether in the capillary, having no means of escape, blows the lower 
end of the capillary into a minute bulb, which bursts, leaving a tiny 
hole in its side. The sealed end of the capillary tube is then cut off, 
and from the end a little cylindrical ring of glass can be cut, if the 
cutter be sharp and well tempered. This ring is brought on to the 
stage of a microscope having a micrometer eye-piece ; the microscope 
is brought to bear on a micromillimetre scale, and the value of the 
degrees of the eye-piece in micromillimetres is read off ; and, finally, 
the ring of glass is measured, readings being taken of its diameter in 
four directions at 45° to each other. Should the measurements prove 
that it possesses a circular section, it is serviceable. Its diameter is 
noted. The capillary tube is next cleaned by the following device :— 
A short ipece of indiarubber tubing is closed at one end by a glass 
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plug, and a short glass tube is inserted at the other end. A hole is 
pricked in the tubing with a pin: The open end of the capillary is 
pushed through the hole, and the glass tube is attached to an 
exhaust. By dipping the capillary into a liquid contained in a test- 
tube, as shown in Fig. 2, the liquid can be drawn through. The 
solvents used for cleaning it were chromic acid, water, alcohol, and 
dry ether. By drawing a current of air through, after the ether has 
passed, the tube is easily dried. 

The capillary tube is then placed in a wider tube of the shape 
shown in Fig. 1. It is closed at C, and, after a sufficient quantity of 
the liquid has been introduced at D (open at first, and somewhat 
longer), the tube is constricted at D. The open end is then attached 
to the pump, and the liquid in the tube is boiled, so as to expel air. 
While vapour is passing rapidly through the constriction, it is sealed, 
as shown in the figure. 
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The tube is next surrounded by a jacket through which water at 
the atmospheric temperature is passed, and by means of the horse- 
shoe magnet, shown in section at K, the position of the capillary is so 
adjusted that the liquid rises to within 2 or 3 mm. of the top, where 
the diameter is accurately known. It may be assumed that at so 
short a distance from the end of the tube the diameter does not 
sensibly differ from that at the very end. A scale is then secured to 
the front of the jacket, as shown in the figure, and the heights of the 
liquid are read by a cathetometer; it is advisable, between each read- 
ing, to draw down the capillary and to raise it again so as to ensure 
that its walls are thoroughly wet. 

For higher temperatures, a jacket like that shown in the figure is 
employed. Suitable liquids are carbon bisulphide, alcohol, and 
chlorobenzene ; the boiling points of these liquids are respectively 
(Trans., 1887, 47, 753) :— 

Carbon bisulphide. Alcohol. Chlorobenzene. 
c 2 my PT, aan 


P. P. P. 
mm, mm. t mm, t 


t. , b 
729°5 45° 721°55 77° 738°65 131° 
753°75 » 46 751°0 78 758°8 132 
778°6 47 781°45 79 779°9 133 


The actual boiling points, and, therefore, the temperature of the 
jacket, are easily calculated at the observed pressure by taking pro- 
portional parts. 

Readings are taken by means of a cathetometer at the higher tem- 
perature of the levels of the menisci at F and at G, and, if desired, 
at a still higher temperature. It is, perhaps, better always to make 
measurements at three different temperatures, although in our ex- 
periments, afterwards to be described, we have not always done so. 

The well-known formula for calculating the surface tension from 
the rise in a capillary tube is 

y= 379(p — o)h. 

It is therefore necessary to know the densities of the liquids at the 
temperatures employed. A vapour jacket affords an easy means of 
heating a dilatometer to the high temperatures required. A small 
error in density p, however, has very little effect on the results. In 
such experiments, where the temperature does not exceed 130° in any 
case, c, the density of the vapour, may be safely neglected, if it is 
desired only to know whether the liquid molecules are complex or 
not. Even the degree of complexity is influenced very slightly by 
neglecting this small term. 

The numerical value of y is next multiplied by the quotient of the 
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supposed molecular weight, i.e., that of the gas, by the density, raised 
for reasons already specified to the two-thirds power; the product is 
molecular surface energy. Dividing the difference of molecular 
surface energy at two temperatures by the difference of temperature, 
the average variation per degree is found. The quotient should, in 
normal liquids, amount to about 2°12 ; should the quotient be less, 
the actual amount of association is calculable as shown on p. 1097. 

We now proceed to give an account of the results of experiments 
on more than 50 liquids with a view of ascertaining their molecular 
complexity. 


Experiments on the Molecular Complexity of Liquids. 


Before giving a table of the results of experiments, it may be ad- 
visable to reproduce all the details of two sets of experiments which 
may serve as a guide to anyone who wishes to avail himself of the 
method. 

First, we shall choose a liquid which does not show association, 
e.g., carbon bisulphide. 

The data are as follows :— 


Radius of capillary tube 
Temperature ......++++++ 
Height in capillary 


Density. ......+0..+ eccce 


The surface tension is calculated thus. 


y = 05 x 9811 x 00129 x 1264 x 4:20 = 33°58 dynes at 19-4”. 
y = 05 x 981-1 x 00129 x 1223 x 380 = 29-41 ,, at 461° 
(Mv)? = {76/1:264}# x 33°58 = 515-4 ergs at 19°4°. 
(Mv)? = {76/1-223}# x 29°41 = 4614 ,, at 461°. 


dfy(Mv)¥} _ 5154 — 4614 _ 540 
dt ~ 46°1 — 19°4 26°7 


= 2°022. 


The mean value of this differential coefficient for the six substances 
which were thoroughly investigated, viz., ether, methyl formate, 
ethyl acetate, carbon tetrachloride, benzene, and chlorobenzene, is 
2:121. As this number is the mean of others which may vary be- 
tween 2°042 and 2-226, it may be concluded that carbon bisulphide 
belongs to the class of substances which are not associated in the 
liquid state; i.e., of which the molecular weight in the liquid state is 
the same as that in the gaseous condition. 
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We take next an instance of a dissociating substance, e.g., formic 
acid. 


Radius of capillary........ PYITTITT TTT Try 0°01425 cm. 
Temperature ‘ 46°4° 79°8° 
Height in capillary ; 4°205 3°90 
4210 3°90 
4-200 3°90 


es 


4205 3:90 
1:207 * 1:170 1/129 


4 = 05 x 9811 x 0-01425 x 1-207 x 4-442 = 37-47 dynes at 168°. 
= 0 x 9B11 x 001425 x 1170 x 4205 = 3442, at 46-4". 
y= 05 x 981'1 x 0°01425 x 1129 x 390 =30°80 ,, at72:1°. 


(Mv)? = {46/1:207}# x 37-47 = 424-4 ergs at 161°. 

(Mv)t = {46/1°170}# x 34°42 = 397-1 ,, at 464°. 

(Mv)? = {46/1°129}# x 30°80 = 3646 ,, at 79°8°. 
d{y(Mv)¥} _ 4244 — 397-7 _ 26-7 


dt = a —168 ~~ Be 


397°7 — 364°6 33°1 : 
” ~~ 798 — 464 ~ 334 on. 

As these numbers are so different from 2°121, it is concluded that 
formic acid consists of complex molecules. To determine the amount 
of association, M, the molecular weight, must be multiplied by a factor, 
z, which represents the average number of simple molecules which 
have coalesced to form a complex. It is calculated as follows. 


2°121 

{ 0-902 

{ 2°121 

uy91 

The average molecular weight at the lower temperature interval is, 

therefore, 3°61 x 46 = 166; and at the higher 3:13 x 46 = 144. It 

follows that, as the temperature rises, liquid formic acid dissociates 
into simpler molecules. 

To test the relative accuracy of this method, we have made some 
experiments on the values of K for carbon tetrachloride and ethyl 
acetate, and compared them with the more accurate results given in 
our previous paper (Phil. Trans., 1893). From the earlier determina- 
tions, in which the behaviour was investigated up to the respective 
critical points, the values were 2°108 and 2°226 respectively. The 
new method, where determinations were made only at two tempera- 


r = 3-61, between 16°8° und 46°4°. 


yi = 3:13, between 46°4° and 79°8°. 
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tures, gave 1‘979 and 2:178. We must here be prepared for a dis. 
crepancy of from 6 to 7 per cent. Yet we have calculated the degree 
of association from the mean value of K, viz., 2121. Hence the 
possible error may be either greater or smaller. As a method of 
accurately determining molecular weight, the process is not to be 
recommended ; but it affords the only means of information regarding 
the complexity of liquid molecules. 

For convenience sake, we divide our results into two classes: that 
of “normal” liquids, where the molecular weight in the liquid state 
is the same as that of the gas; and, second, that of “ associating” 
liquids, where molecular complices are formed. 

In the following table (p. 1099), ¢ represents degrees centigrade; 
h, capillary rise in centimetres in a tube of radius r centimetres ; p is 
the density of the liquid at temperature ¢; y, the surface tension in 
dynes per centimetre ; y(Mv)!, the molecular surface energy in ergs; 
K is the differential coefficient found between the temperatures 
employed; 2 is the degree of association, and M the molecular weight 
in the gaseous state, 

The reference numbers under the heading p refer to the list which 
follows the numerical results. 

The substances in Table I have, as a rule, the factor of associa- 
tion 1. There are, however, certain substances which exhibit some 
deviation. For example, nickel tetracarbonyl has the coefficient K 
2°307, from which the value of the factor is 0°88. This, of course, 
implies the absurd conclusion that the molecule is smaller than 
Ni(CO),; it is much more readily explained by the formation of a 
trace of nickel hydrate in the capillary tube. It must, moreover, also 
be remembered that K has been taken as 2°121; it might well have 
the value which it possesses in ethyl acetate, viz., 2°226, in which case 
the value of 2 would be 0°95. 

The sample of paraldehyde used was not quite pure.” It is possible 
that in the case of ethyl thiocyanate some association may have 
taken place, but as the value of the coefficient does not alter at higher 
temperatures, we conclude that it is a normal liquid. In the case of 
quinoline the divergence is, we think, due to viscosity. Aniline and 
nitrobenzene also give much trouble owing to this cause, and neces- 
sitated the use of jackets at higher temperatures. 

Passing on to substances in Table II, it will be seen that methyl 
alcohol is the most associated alcohol, and formic acid the most asso- 
ciated acid: and that the molecular complexity diminishes with rise 
of molecular weight. Too much weight, however, must not be 
attached to the absolute value of these numbers; the experiments 
are rather to be regarded as giving an idea of the relative molecular 
complexity ; and it would be advisable to carry the observations up 
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THE MOLECULAR COMPLEXITY OF LIQUIDS. 1105 


to the critical points in the case of the higher alcohols and acids, as 
we have already done for the lower members of the series. 

It is to be noticed that whilst acetone associates, methyl-propyl- 
ketone does not; and we may also contrast propionitrile with benzo- 
nitrile and nitroethane with nitrobenzene. It would appear to be a 
general rule in these cases, as with the alcohols and acids, that a high 
molecular weight is unfavourable to association, 

We have made a special investigation of the behaviour of water 
between 0° and 130°, which it is better to consider apart. 

Distilled water was distilled twice from alkaline potassium per- 
manganate in a glass retort. The use of silver or platinum is quite 
unnecessary, as the experiments had to be carried out in glass vessels. 

On account of the high capillary rise of water, a special capillary 
tube was made. The diameter was measured under the microscope 
with lenses of different focal length, and in each case was found to 
be 0°03686 cm. The water was boiled in vacuo in the usual manner, 
and the tube sealed with absence of air. The diameter of the 
wide tube happened to be exactly 1 cm. On account of the high 
capillary rise of water, it was necessary to correct for its capil- 
lary rise in the wide tube. At 20° this amounted to 0:14 cm. ; 
both measurement and calculation gave the same number. As 
the relation between the rise in the capillary and the temperature was 


known, a correction could be applied to the rise in the wide tube for 
any temperature within the limits of experiment. 

The following table contains the observed rise, h,, in the capillary 
tube at temperature ¢, the corrected rise, hz, and the corrected rise 
read from a smoothed curve, h; :— 


hy. 


hs. 


~ 
? 


hy. 


7°86 
7°69 
7 °395 
7°24 
7°105 
6°96 


8 00 
7°83 
7 °*525 
7 °385 
7°23 
7°075 


781° 
90-0 
100 °0 
110°0 
120°0 
130°0 


AAAAADH 
Sw kAWS 
“Sk be 

or ot or tn 


6 955 
6°75 
6 595 
6° 425 
6 °245 
6°075 


From the curve the following table (p. 1106) was constructed. 

This table shows that the molecular weight of waier, as has often 
been suspected, is greater than 18, and that about ordinary temper- 
atures, it approaches the formula H,O,= (H,0),. It is very re- 
markable that no substance yet investigated exhibits a higher 
molecular weight than that corresponding to four times its formula 
in the gaseous state. It should here be mentioned that sulphur was 
investigated, but without success. It was hoped that in the liquid as 
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Water. 


| y(Mv)3 
— from 
—_ curve. 


hy. p.* 


0° 8°10 0 “9999 73°21 | 502°9| 502: 
10 7°96 09997 71°94 | 494°2 | 494: 
20 7°82 0 °9983 70°60 | 485°3 | 485° 
30 7°675 | 0°9958 69°10 | 476°0| 476° 
40 7°525 | 0°9923 67°50 | 466°0 | 466 
50 7°385 | 09882 65°98 | 456°7 | 456° 
60 7°23 0° 9834 64°27 | 446°4)| 446° 
70 7°075 | 0:9779 62°55 | 486°0 | 425° 
80 6925 | 0-°9719 60°84 | 425°9 | 425 
90 6°75 0°9656 | 58°92) 414°3 

100 6°595 | 0°9586 | 57°15 | 403°7 
110 6°425 | 0°9512 55°25 | 392°3 
120 6°245 | 0°9441 53°30 | 380-4 
130 6°075 | 0°9365 52°44 | 369°2 
140 5°89 0°9283 49 42 | 356°8 


in the gaseous condition, the molecular weight would prove to corre- 
spond to about S,; but the liquid is so viscous that we have failed to 
obtain accurate measurements. We hope, however, to return to this 
matter, and to devise some method by which the surface tension of 
sulphur may be measured. 

We must not omit to mention here the work of Eétvés. It has 
been fully criticised in the Phil. Trans. (loc. cit.), and we there 
pointed out that the equation which he finds is not founded on truth. 
But the differential equation which he deduces is correct, inasmuch 
as it shows a linear relation between temperature and molecular 
surface energy. Hence his results are available for our purpose. 
The numbers given by him have been translated into dynes per 
square centimetre; they are as follow :— 


68 
“44 
18 


“00 
96 
‘83 
“79 
66 
61 
“47 
“47 
32 
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Temperature 
interval. K. 


Temperature 


Substance. taleonal. 


Substance. 


Ethyl oxide 6— 62° | 2°237] Mercury methide.. 20—99° | 2°236 
™ 62—120 | 2°217] Carbonyl] chloride . 3—63 2-267 

| 2°168] Carbon dioxide.... 3—31 2 °237 

| 2227] Carbon bisulphide . 22—78 *325. 

99—213 | 2°276] Sulphuric acid (?) . 2—60 "256. 


” ereee 


| 
Chloroform... ..| 20— 60 | 2°256 TD si eniaced — 2 +246 


* The densities from 0° to 100° are taken from Watts’ Dictionary, 1st Suppl., 
p. 572 (calculated by Rosetti). Densities at high temperatures from Ramsay and 
Young, Phil. Trans., 1892. 
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Eétvés also made measurements with methyl and ethyl alcohols, 
and recognised that their approximate molecular weights might be 
calculated from their irregular behaviour; but his observations are 
not sufficient in number. For water and for acetic acid he also gives 
several numbers. 

From Schiff’s numbers (Annalen, 223, 47) the value of & may be 
calculated between the ordinary temperature and the boiling point of 
the respective liquid. But the results are not to be relied on, for 
Schiff took no pains to exclude air in reading capillary rise at atmo- 
spheric temperature ; and this is the more curious, inasmuch as he 
himself observes (loc. cit., p. 55) that at higher temperatures he failed 
to obtain constant readings until the vapour of the liquid had dis- 
placed the air in contact with it. He appears to have failed to note 
that at lower temperatures this would still more influence his results, 
We have, however, selected a few of Schiff’s experimental results at 
random, and have in each instance calculated the value of K. 


Interval of K. 


Interval of K. Substance. 
temperature. 


Substance. temperature. 


Hexane.........| 2°1— 68°1° | 2°283]} Paraldehyde ......| 5°O—-124°1° | 2°452 
Di-isobutyl......| 6°2—107°4 | 2°505]} Diethylacetal .....| 4°5—103°2 | 2°407 
Di-isoamyl ......| 2°6—159°1 | 2°501] Ethyl oxide.......| 5°8— 34°6 | 2°014 
Amylene........| 4°3— 36°8 | 2°203] Ethyl acetate ..... 6°3— 75°5 | 2°155 
Caprylene ......| 2°0—124°6 | 2°369] Propyl butyrate... | 5°-8—143°5 | 2°371 
Di-allyl.........| 4°1— 58°4 |2°215] Acetone .......... 5°O-- 56°1 | 1°779 
Benzene ........| 6°7— 79°9 | 2°879] Methyl alcohol....| 7°3— 64°2 | 0°829 
Toluene. .......- 5 8—109°8 | 2°208 


Although these results show little regularity, they serve to cor- 
roborate ours; acetone and methyl alcohol turn out to be abnormal. 
The conclusion which Schiff draws at the end of his paper, being 
based entirely on measurements at high temperatures, need not be 
traversed ; for in such cases the method of experiment was such as 
to preclude to a great extent the presence of air in contact with 


liquid. 
New Method of calculating Critical Temperatures. 


It is possible, by help of the preceding data, to calculate ap- 
proximately the critical temperatures of the liquids examined. 
Schiff has attempted to do so, but with little success, inasmuch as he 
assumes a false premiss, viz., that the capillary rise is a linear func- 
tion of temperature; whereas our calculations depend on the proved 
fact that the molecular surface energy varies uniformly with the 
temperature. And as the zero of temperature on the 7 scale as well 
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as that of surface energy coincides with the critical point (the cor. 
rection d, which is generally equal to about 6°, being applied) it is 
possible to calculate the critical temperature. The possible sources 
of error are that we have not measured the differential with sufficient 


Formula. 


Critical temperatures. 


R.& 8. 


| 
| 


Observed. 


bt bet . : 
HOODIA Ne wr ee 


. Carbon bisulphide .. .. 


. Nitrogen peroxide .... 
. Silicon tetrachloride .. 


Phosphorus trichloride. 
- Phosphoryl chloride .. 
. Sulphur chioride 

. Thionyl chloride. ...+. 
. Sulphuryl chloride. ... 
h Nickel tetracarbonyl... 
. n-Octane . es 
. Carbon tetrachloride oe 


. Ethyl iodide ......... 


. Mercaptan .. 
. Ethyl oxide....... 


. Chloral.. 


‘ Paraldehyde .. sp vi oe 


- Methyl formate . : 
. Ethyl chloroformate . 
. Ethyl acetate 

. Ethyl acetoacetate... 
. Acetyl chloride ....... 


2. Acetic anhydride 


. Ethyl thiocyanate .... 


24, Ethyl mustard oil 


. Allyl mustard oil 
. Benzene.. enaden 
' Chlorobensene . 

. Benzoic aldehyde .. 

. Nitrobenzene ....... 
G rere 
. Benzonitrile 


3. Pyridine ............ 


. Piperidine .. 
. Quinoline .... 
. Methyl propyl ketone . 


CCl,-CHO 


Cl-COOC,H;.. 
CH,y-COOC.H; .... 
.| CH: -CO- Clit COOEt 


ets” 
C,H, (OH) (OCH) 
C,H,:NH .. 

3H, 


i 


C.H),03........ eee 
- | H-COOCH,......... 


"aS . : wa 


| 
| 


| 


| 
| 
| 


271-8—279°6° (various 
observers). 

171 °2° (Nedejdine). 

230° facet” 

221° Guldberg) 

285 °5° (Pawlewski). 


278—292° (various ob- 
servers). 

283-2° (Young). 

281° (calculated by 
Guldberg). 


194°5° (Ramsay and 
Young). 


| 214° (Young). 
| 251° (Young). 


288 5° (Young). 
360° (Young). 


* As N,O, dissociates into 2NOz., 171°2 is the critical temperature of a mixture 
of N,O, and NO,; that given by us would represent the critical temperature, pro- 
vided no dissociation took place. 
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accuracy, and, second, that d may have a value one or two degrees 
removed from 6°. It will be seen from the cases in which it is 
possible to verify the calculation that the calculated numbers are not 
far from the truth. 

The critical temperature may be very simply calculated by dividing 
the molecular surface energy at a given temperature by the co- 
efficient K, and adding to the quotient the temperature at which the 
molecular surface energy was measured, and also 6°, for the value of 
d. For example, in the case of acetyl chloride, y(Mv)! at 46°2° is 
373°0; the value of K is 2°040; the quotient is 182°8; and adding 
462° + 6°, the number 235° is obtained as the critical temperature. 

The results of the calculations are appended (p. 1108). 


University College, 
London. 


LXXXII.—The Action of Light in preventing Putrefactive Decomposi- 
tion; and in inducing the Formation of Hydrogen Perowide in Organic 
Inquids. 


By Artaur Ricwarpson, Ph.D., Lecturer on Chemistry, University 
College, Bristol. 


Ir was first pointed out by Downs and Blunt (Proc. Roy. Soc., 26, 
488), in 1878, that the development of bacteria and other putrefying 
organisms is arrested under the influence of sunlight and oxygen. 
More recently, Janowski (Centralbl. f. Baki., 8, 1890) and Buchner 
(ibid., 12, 1892) have shown that light is antagonistic to the deveiop- 
ment of the typhus bacillus; and Marshall Ward (Proc. Roy. Soc., 
1892, 321) has found this to be true also in the case of Bacillus 
anthracis. 

Furthermore it has been observed that this sterilising action of 
light is mainly, if not entirely, due to rays of high refrangibility ; it 
is independent of any rise in temperature which may occur daring 
exposure. 

Downs and Blunt also ascertained that when putrefying liquids 
were exposed to light in absence of oxygen, sterilisation did not 
occur, and were thus led to conclude that the destraction of the 
organism during exposure was due to a process of oxidation ; but as 
they failed to detect any oxidising agent in the liquids, they were led 
to regard the change as the outcome of an action exerted directly on 
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the organism, and not due to secondary effects owing to changes in 
the food material. This view now appears to be generally accepted, 

While making some experiments to determine the conditions under 
which oxidation was brought about by light, I noticed that in the case 
of certain organic compounds, hydrogen peroxide was first formed, 
and that it acted as a carrier of oxygen from the air to the liquid 
oxidised. Ignorant of the work of Downs and Blunt, I was thus led 
to enquire whether living organisms could not, in a similar manner, 
be oxidised, and the liquid sterilised by exposure to light and air. I 
of course found that sterilisation did occur in some cases, but, con- 
trary to the experience of Downs and Blunt, I also detected hydrogen 
peroxide in some of the liquids so exposed. This was most noticeable 
in the case of urine (one of the liquids examined by them). 

Experiments were therefore made to determine (1) under what 
conditions hydrogen peroxide is formed in urine; (2) how far the 
sterilisation of liquids during exposure is due to the formation of 
the peroxide. 

In the present paper the results obtained with urine are described. 
This liquid possesses in a marked degree the properties required for 
the present investigation ; for although prone to decompose in the 
dark, it may be completely sterilised by the conjoint influence of sun- 
light and oxygen, yielding under these conditions considerable quan- 


tities of hydrogen peroxide. 


I. Formation of Hydrogen Peroxide in Urine. Detection and Estima- 
tion of Hydrogen Perowide. 


Hydrogen peroxide is most readily detected in urine by means of 
the titanic acid test,* asthe presence of organic matter does not inter- 
fere with its delicacy, and further, it has the advantage over the 
potassium iodide test in that other oxidising agents do not give the 
yellow coloration. It was supplemented where possible, however, by 
the potassium iodide and chromic acid tests. 

In the earlier experiments, the urine was tested for the peroxide by 
shaking portions of the liquid with ether, free from peroxide, &. 
This method was subsequently abandoned, experiments made with 
pure, dilute solntions of hydrogen peroxide having shown that when 
these were shaken with ether, only a very minute quantity of the 
peroxide was dissolved out, the greater portion remaining in the 
aqueous solution. Thus a solution of peroxide of such a strength 


* The solution of titanic acid is prepared by heating titanium dioxide with 
strong sulphuric acid, diluting, filtering, and precipitating the hydrate with very 
dilute ammonium hydrate. This is well washed and dissolved in cold dilute 
sulphuric acid. 
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that 5 c.c. gave an intense yellow colour with titanic acid, and a well 
marked blue colour with chromic acid and ether, was shaken with 
its own volume of ether. The extract only gave a faint coloration 
with titanic acid, and a scarcely visible tinge of blue with chromic 
acid. In all the latter experiments, therefore, the urine was tested by 
diluting with its own volume of sulphuric acid (1 acid : 4 water), 
and dividing into two equal parts; titanic acid was added to one, and 
the colour compared with that in the other, portion. 

A method was devised for estimating hydrogen peroxide colori- 
metrically by means of titanic acid, resembling Nessler’s ammonia 
process, the only difference being that in this case a standard solution 
of the coloured substance (peroxide of titanium) is prepared before- 
hand, whereas, in testing for ammonia, the colour is freshly prepared 
for each experiment from a standard solution of ammonium chloride. 
The solution of titanium peroxide was prepared by adding excess of 
hydrogen peroxide to titanic acid dissolved in sulpburic acid. To 
determine the value of 1 c.c. of the liquid, a measured volume of a 
solution of hydrogen peroxide, whose strength had been previously 
determined by N/100 permanganate, was run into a Nessler glass, 
excess of titanic acid was then added, and the liquid made up to 50 c.c. 
with dilute sulphuric acid. The yellow colour so produced was 
exactly matched with the standard colour, which was ran from a 
burette into an equal volume of dilute sulphuric acid, in a second 
Nessler glass. The mean of several determinations gave 0-000142 
gram of hydrogen peroxide as the value of 1 c.c. of the colour 
solution.* 

This solution keeps well in the dark, though after long exposure to 
light the colour becomes bleached. As in the case of Nessler’s am- 
monia method, the tint cannot be matched with accuracy if the 
colour produced on addition of titanic acid is too deep. (The method 
ceased to be reliable when the volume of liquid taken, in each experi- 
ment, contained more than 0°00056 gram of hydrogen peroxide.) 

It was also found that the tint produced by the standard colour, in, 
say, 50 c.c., was deeper than that produced when the same amount 
was made up to 100 c.c. by addition of water, and the colour observed 
through double the depth; this was not the case when dilute sulph- 
uric acid, instead of water, was added. The liquid to be examined 
was therefore always made up to 50 c.c. with dilute acid. If these 
precautions are observed, exceedingly accurate results are obtained. 
Test tubes were substituted for Nessler glasses when very dilute 
solutions had to be examined; by this means it was found possible to 
estimate 1 part of peroxide in 700,000 of solution. 


* A stronger solution was ultimately used, which by chance was N/100. 
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This method was also found to be applicable in the case of yellow 
liquids such as urine. All that is necessary in such a case is to add 
dilute sulphuric acid and divide into two equal and known volumes 
exhibiting an equal depth of tint: excess of titanic acid being added 
to the one, if hydrogen peroxide be present, an increased depth of 
colour is observed; standard colour solution is then run into the 
second quantity until the two tints are identical. 

The volume of standard colour required gives the weight of peroxide 
contained in the liquid. 


Exposure of Urine. 


The points aimed at, during exposure, were (1) to expose the liquid 
to the maximum amount of sunlight; (2) to bring a large surface of 
liquid in contact with oxygen. These ends were attained by using 
flat, white glass bottles (the broader sides measuring 13 by 7 cm.), 
which were placed in a horizontal position in the open air, facing the 
south. Enough liquid was taken to cover one side to a depth of 
about lem. The action of the light was further augmented by the 
use of mirrors placed behind the bottles. 


Action of Inght on Urine. 


In the first experiments, fresh urine (slightly acid) was taken, and 
its freedom from hydrogen peroxide was proved by treating one 
portion with ether and testing as below. Another portion (about 
100 c.c.) was exposed to light, a similar quantity being kept in the 
dark. The liquids in this case were contained in two large flasks, a 
small inverted beaker being placed over the mouth of each (the tem- 
perature of the shaded flask was about 5° lower than than that of the 
other). The experiment was started September 17th, 1891. 

On September 23rd (after 6 days) the exposed liquid was still 
clear, whilst that which had been protected from the light was muddy 
and teemed with bacteria and decomposition products. A portion of 
the exposed liquid was extracted three times with ether, free from 
peroxide, and the colourless ethereal extracts were collected together ; 
one portion was tested with titanic acid and gave a faint but distinct 
yellow colour. On adding potassium iodide to another portion, the 
solution was tinged yellow, owing to the liberation of iodine. The 
rest of the urine, which had not been extracted with ether, was 
again exposed and portions were tested at intervals; the following 
results were obtained. 


September 28th (11 days’ exposwre).—Liquid still clear; a portion 
was treated with ether as before one portion of the ethereal 
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extract gave a yellow coloration with titanic acid; a second 
portion gave a very faint blue colour with chromic acid. 

October 10th (23 days’ exposure).—Liquid still clear; well-marked 
coloration where titanic acid was added to the liquid, without 
previously extracting with ether. 


The liquid which had been kept in the dark was tested after LI 
days, and gave no trace of colour with titanic acid, and was much 
decomposed. 

In another experiment, fresh urine, free from peroxide, was ex- 
posed in one case to sunlight in the open, in the other behind ruby 
glass, the maximum temperature of the former being 27°, that of 
the latter 30°. After an exposure of six days, from September 14th 
to 20th, the liquid which had been exposed to sunlight was clear, and 
titanic acid gave a well-marked peroxide coloration; the liquid which 
had been exposed behind red glass, on the other hand, had decom- 
posed ; it was muddy, but contained no hydrogen peroxide. 

The next experiment illustrates the influence of living organisms 
in decomposing the peroxide. A sample of urine, which had success- 
fully resisted the decomposing action of organisms during a period of 
45 days (September 17th to November Ist), and which had been 
tested from time to time and found to contain hydrogen peroxide, 
broke down on November 2nd while still under the influence of light, 
and contained bunches of fungoid growth. The liquid was then tested 
and was found to be free from the peroxide. 

In this case, the light, during the first part of the exposure, was 
very intense; decomposition only set in after a period of cloudy 
weather. : 

Before considering the many questions suggested by these pre- 
liminary experiments, it is necessary to describe those made to 
establish beyond doubt the fact that the oxidising agent present in 
the liquid is hydrogen peroxide. 

In the first place, the liquid was tested for nitrites. A quantity of 
urine which had been exposed, and liberated iodine freely from potas- 
sium iodide, was introduced into two Nessler glasses, the depth of 
colour being the same in both; to one of these a solution of meta- 
phenylenediamine was added, and the colours again compared ; no 
change of tint could be detected ; after standing during half an hour, 
they were still identical. Urine which had not been exposed was 
also tested, and was found to be free from nitrites. 

The absence of nitrites in urine, both before and after exposure, is 
thus proved. 

Although the presence of hydrogen peroxide in exposed urine was 
indicated by the intense coloration produced on adding titanic acid 
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or potassium iodide, vet it was felt that the proof of the presence of 
the peroxide was incomplete unless an equally well marked blue 
colour was obtained with chromic acid and ether. This test could 
not be applied to the liquid itself, and the colour obtained when the 
ethereal extracts were used was by no means conclusive. Experi- 
ments were therefore made to determine whether it was possible to 
concentrate these ethereal extracts containing the peroxide. 

A preliminary experiment was made, in which ether which had 
been shaken with a very dilute solution of the peroxide, and con- 
tained only a minute percentage of the latter, was separated from 
the aqueous layer, and distilled in contact with a little water. Por- 
tions of the ether which passed over at different stages of the distilla- 
tion were tested, and found to contain no peroxide; whilst the 
residue, consisting of water and a little ether, now gave a deep blue 
colour with chromic acid. 

Urine which had been exposed was tested in this way. A sample 
of urine was exposed for eight days (April 2lst—29th) 100 cc. 
were then shaken with ether free from peroxide, and the colour. 
less ethereal extracts were collected together, and run through a dry 
filter (to remove any adhering particles of urine) into a distilling 
flask containing a few cubic centimetres of water. The greater por- 
tion of the ether was then distilled off, leaving about 5 c.c. behind. 
On shaking this residue with dilute chromic acid, it was coloured 
intensely blue. 

But here the possibility arose that traces of peroxide, which might 
be contained in the ether in the first instance, and which would 
escape detection in the. bulk of the liquid, might by concentration 
give rise to the blue colour observed. 

To preclude the possibility of this source of error, 100 c.c. of ether 
(apparently free from peroxide) were distilled, as before, in presence 
of water; the residue, when tested with chromic acid, gave no trace 
of blue colour, showing the entire absence of the peroxide in the 
liquid. The ether which had distilled over was now shaken with 
fresh quantities of exposed urine, separated from the latter, and dis- 
tilled as in the previous case. The residue now gave an intense blue 
colour with chromic acid. 

These experiments seem to prove beyond all doubt that hydrogen 
peroxide is present in urine after exposure to light and oxygen. It 
next became necessary to determine how far the colour produced by 
the addition of titanic acid to exposed urine was entirely due to the 
peroxide, the colorimetric estimation of hydrogen peroxide being 
based on the supposition that no other compound is present capable 
of acting in this way with the test liquid. Lévy has shown (Annales 
de Chemie, April, 1892) that phenol and some other organic com- 
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unds, under certain conditions, give a deep red coloration on treat- 
ment with titanic acid; and, although urine which had not been 
exposed to light failed to give any increased colour when tested, 
yet it seemed possible that in a complex liquid of this kind, products 
might be formed during exposure capable of giving colorations which 
might be mistaken for that produced by hydrogen peroxide. 

This point was settled by estimating the amount of peroxide 
present in urine after exposure, by means of potassium iodide* and 
thiosulphate, on the one hand, and by the titanic acid method, on the 
other. The mean of several results obtained are as follows. 


1. Dilute solution of urine— 
a. 100 c.c. liquid, H, TiO; added, required 3 c.c. of N/100 stand- 
ard colour. 
b. 100 cc. liquid, KI and dil. HClf added, required 3:2 c.c. 
of N/100 Na,S,0;. 


II. Undiluted urine— 
a. 10 cc. urine, H,TiO; added, required 2°62 c.c. of N/100 


standard colour. 
b. 10 c.c. urine, KI and dil. HCl added, required 2°55 c.c. of 


N/100 Na,S,0s. 


These numbers seem to prove that the colour produced by the 
addition of titanic acid to urine, after exposure, is due entirely to the 
peroxide present in the liquid. 


Conditions which influence the Formation of Hydrogen Perowide in 
Urine. 


In an experiment already described, it has been shown that organ- 
isms decompose the hydrogen peroxide formed in urine. Experiments 
were, therefore, made to determine how far a preliminary sterilisa- 
tion of the liquid at 100° would influence its formation during 


exposure. 
50 c.c. of fresh and slightly acid urinet were placed in a bulb tube 


* No iodine was liberated on addition of potassium iodide to urine which had 
not been exposed, even after 12 hours. 

+ Dilute solutions of hydrogen peroxide were found to be without action on 
dilute hydrochloric acid. 

t A portion of this sample, when tested before exposure, gave a faint peroxide 
coloration with titanic acid. The liquid was therefore shaken with manganese 
dioxide (free from carbonate) and filtered; on again testing, it was found to be 
free from hydrogen peroxide. The liquid so prepared was used in this experiment. 
The occurrence of minute traces of the peroxide in urine, before exposure, was 
noticed on other rare occasions. Its presence in fresh urine has been noticed by 
Schénbein. 


1116 RICHARDSON: THE ACTION OF LIGHT 


provided with a long bent neck asshown in the figure ; the liquid was 
boiled for five minutes, and the neck plugged with cotton wool. It 
was exposed on November 12th, 1881, and was not tested till Jaly 


30th, 1893. During this period the liquid remained clear but the 
colour became gradually bleached. The liquid was still slightly acid. 
On adding titanic acid to one portion, an intense, yellow coloration 
was produced; on adding potassium iodide to another portion, 
sufficient iodine was liberated to turn starch solution nearly black. 
Having thus proved the presence of the peroxide, the tube was again 
plugged, and the remainder of the liquid, to which germs now had 


access, was placed in a dark cupboard. After 13 days, the liquid was 
turbid and contained bunches of fungoid growth. It was then 
tested for hydrogen peroxide, but this was now found to be absent. 

In the next experiment, the exposure was continued for a shorter 
period. Two similar bulb tubes, each containing 50 c.c. of urine, 
were plugged and sterilised at 100°; one of these was exposed, 
the other shaded. After 22 days (February 22nd—March 16th), 
both liquids were clear and slightly acid. The exposed liquid then 
gave a well marked peroxide coloration, but no trace of peroxide 
could be detected in the shaded portion. From these experiments, 
it is seen that germ-free urine yields hydrogen peroxide when 
oxidised under the influence of light and oxygen; that the forma- 
tion of the peroxide is not connected with the oxidation of living 
organisms; and that no peroxide is formed by the action of oxygen 
on sterilised urine in the dark. 


Urine exposed in Absence of Oxygen. 


Although it seemed most probable that the presence of oxygen was 
necessary for the formation of the peroxide, yet in order to put this 
matter beyond all doubt the following experiments were made :— 
50 c.c. of urine contained in a bulb tube, provided with a drawn-out 
neck, was boiled, and the neck sealed when steam was issuing freely. 
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The liquid was then exposed during 16 days (May 27th—June 12th) ; 
when tested with titanic acid, it failed to give any increased colour. 
The bulb was then plugged (air being now present) and exposed 
during five days (June 12th—17th). When now tested, it gave a 
strong peroxide coloration with titanic acid, thus showing that the 
urine was still capable of yielding the peroxide when oxygen was 
present. 

In another experiment, 50 c.c. of urine were enclosed in a sealed 
bulb tube, from which the air had been expelled as before. It was 
exposed during over 15 months (November 17th, 1891—February 
23rd, 1893) ; after this time, the urine was tested and was still slightly 
acid, bat contained no hydrogen peroxide. During exposure, the liquid 
retained its rather dark-yellow colour. The bleaching action which 
occurs when urine is exposed in presence of oxygen would appear, 
therefore, to be due to oxidation of the colouring matter. This led to 
the enquiry whether the presence of the colouring matter is in any 
way connected with the formation of the peroxide. To determine 
this point, a quantity of fresh urine was decolorised with animal 
charcoal* and sterilised at 100°: a similar quantity of normal urine 
was also sterilised,’ and both liquids were exposed during seven 
days. When tested with titanic acid, they were found to contain 
hydrogen peroxide in, as nearly as could be judged, equal quantities, 
thus showing that its formation is not due to the oxidation of the 
colouring matter. On the other hand, it seemed likely that the 
gradual bleaching was due to the action of the peroxide on the latter. 
The next experiment was made to decide this point, since such an 
action, if due to the peroxide, would afford an indication of its forma- 
tion (in the case of urine) where other tests could not be applied. 

A highly coloured sample of fresh urine was sterilised at 100° 
and a portion exposed in presence of pure precipitated silver. A 
second portion, to which no silver was added, was also exposed during 
the same period. After 24 days (June 13th—July 7th), both liquids 
were tested for hydrogen peroxide. In the first quantity (containing 
silver), hydrogen peroxide was absent, and the urine was still deeply 
coloured. In the second sample (containing no silver), a considerable 
quantity of the peroxide was present, and the liquid had lost much of 
its colour. Care was taken in this experiment that during exposure 
the light fell on one side of the bottles only, so that the silver which 
settled on the lower side (in the first case) did not cause unequal 
illumination. This experiment shows that the bleaching of urine 
during exposure is a secondary action due to oxidation of the colour 
by the hydrogen peroxide first formed in the liquid. 


* Finely powdered bone charcoal was used; it was purified by treatment with 
hydrochloric acid, then washed and heated to redness in a covered platinum dish. 
VOL. LXII, 46 
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Influence of Ammonia. 


As ammonia is one of the products of the fermentation of urine, it 
was thought that the simultaneous appearance of organisms and dis- 
appearance of the peroxide might be due to the alkalinity set up in 
the liquid. To determine how far this was the case, two quantities 
of fresh urine containing 5 c.c. and 20 c.c. of ammonium hydrate 
(1 : 4) were exposed during three days. Both liquids were now much 
bleached, and when tested with titanic acid gave well-marked per- 
oxide colorations; this result shows that the presence in urine of 
ammonia does not in itself prevent the formation of the peroxide. 
Small quantities of peroxide were also set free in urine containing 
ammonium hydrate, which had been kept in the dark. It was 
further noticed that after long exposure of such urine to sunlight, no 
peroxide was present: in the liquid; these points are being further 
investigated. 

The ease with which the peroxide is formed, and the rapidity with 
which the liquid is bleached, seems to show that alkaline urine is 
more readily oxidised than the normal liquid. 


Influence of Acids. 


It was interesting to compare the above results with those obtained 


when acidified urine was exposed to light. 

Dilute sulphuric, nitric, and hydrochloric acids were added to 
fresh urine, and, after exposure, the liquids were tested for hydrogen 
peroxide, The results so obtained are given in Table I. 


Taste I. 


c.c. fresh urine. | c.c. acid (1 : 4). Tested for H,O, after exposure of 


50 5H,SO, 12 days (Mar. 22—Apr. 3), H,O, absent. 
50 5HN O; ” ” ” 

50 5HCl trace H,O.. 

50 ie ” ” ” much H,Ox¢. 

50 5H,SO, 3 days (Mar. 27—30), trace of H,Ox, 

16 days (Mar. 30—June 14), H,O, absent. 
50 20H,SO, ” ” » 

50 — » present. 


It will be seen that practically no peroxide is found in urine 
which has been exposed in presence of these acids, and it was also 
noticed that no bleaching took place during exposure. Such urine, 
therefore, appears to be less easily oxidised than the normal liquid. 
Before leaving this part of the subject, it may be mentioned that the 
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results of experiments made to determine which of the constituents 
of urine yield the peroxide, show that the latter is not present in 
solutions of pure urea after exposure, and only to a very slight 
extent in solutions of uric acid and alkaline urates, 


II. The Cause of the Sterilisation of Urine by Light. 


It has been already pointed out that the commonly accepted view 
regarding the sterilising influence of light and oxygen is that it is 
due to an action exerted directly on the organism. 

Marshall Ward (Proc. Roy. Soc., 1893) has lately: suggested an 
explanation of the way in which this change is brought about. He 
points out that the ripe spores contain an oil-like substance, which is 
a common form of reserve material, and that this liquid, in common 
with certain vegetable oils, is oxidised when exposed to solar in- 
fluences; and he compares such spores to flasks of oil so exposed. 
Further, he concludes that, in the absence of moisture and nutrient 
material, the spores are capable of being sterilised by light, as he 
found that if the germs are washed and subsequently heated in an 
oven to 70°, they are sterilised by subsequent exposure to light, 
although they retain their activity if not thus exposed. 

It may be pointed out, however, that the statement that dry spores 
can be so sterilised is hardly justified, as complete desiccation of the 
germs would not be brought about at this temperature. This view 
of the cause of sterilisation by light, held as it is by experienced 
bacteriologists, may, to a certain extent, account for the sterilisation 
of spores, and the more spore-forming bacteria; but the formation of 
such an active agent as hydrogen peroxide in liquids like urine 
cannot be overlooked in seeking for a complete explanation of the 
bactericidal action of light. 

There is evidence to show that in some cases, where no hydrogen 
peroxide can be detected as a final product, it has been formed as an 
intermediate product, its rapid decomposition being brought about at 
the expense of the organism. 

How far the formation of hydrogen peroxide in urine furnishes the 
explanation of the cause of sterilisation in this particular liquid will 
be judged from the experiments now to be described. 

It was first necessary to gain information regarding the sterilising 
qualities of solutions of hydrogen peroxide of strengths comparable 
with those found in urine after exposure. 

In these experiments, solutions of the peroxide* were used in 


* Pure solutions of hydrogen peroxide were used, which had been specially pre- 
pared for other work, by the addition of the commercial peroxide to a saturated 
solution of barium hydrate. The hydrated barium peroxide which was precipitated 
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which 1 e.c. = 2 c.c. of N/100 standard colour (= 0°0036 gram 
hydrogen peroxide). These were added to fresh urine contained in 
unsterilised bottles plugged with cotton wool. The conditions under 
which these experiments were made are given in Table II (A). 

From this table it is seen (1) that the addition of hydrogen per- 
oxide to fresh urine retards decomposition by bacteria; (2) that the 
peroxide keeps for a considerable time in fresh urine ; (3) that it is 
rapidly decomposed when added to the decomposed liquid. In Table IT 
(B), the sterilising action of the peroxide on decomposed urine is 
seen, showing (1) that when the peroxide is in excess, complete 
sterilisation is the result; (2) that even where excess has not been 
added, partial sterilisation has occurred, no peroxide being now 
found in the liquid. (The cultures referred to in this table were 
made on beef jelly, asdescribed on p. 1123. 1 c.c. of each liquid was 
made up to 200 c.c. with sterilised water; 1 drop of this was used for 
each culture.) 

These experiments also suggest a possible cause of the failure to 
obtain the peroxide by the exposure of urine in which bacteria had 
developed, the rapid decomposition of the peroxide first formed being 
brought about by the organisms; this point will be considered more 
fully later on. 

Experiments were next made to further test the stability of the 
peroxide in urine. 

Two samples of normal urine (which had not been exposed to 
light) were taken. One of these was sterilised at 100°. A known 
volume of hydrogen peroxide was then added to the unsterilised and 
sterilised liquids, which were left in the dark during three days. The 
peroxide was then estimated. 


1. 50 c.c. of unsterilised urine containing 20 c.c. of hydrogen per- 
oxide = 0°0072 gram. Peroxide found after three days 
= 0°00620 gram; percentage decomposition = 13°75. 

2. 50 c.c. of sterilised urine containing 20 c.c. of hydrogen per- 
oxide = 0°00720 gram. Peroxide found after three days 
= 0°00678 gram; percentage decomposition = 5:8. 


Here it is seen that the peroxide is only decomposed to a small 
extent in the steriiised liquid; and, as might be expected, the 
amount of decomposition is somewhat greater in the unsterilised 
fiuid. 

In the next experiment, the stability of the peroxide was studied 
in presence of (1) the active organisms and their products, (2) the 


was well washed, and decomposed by dilute sulphuric acid; the liquid was then 
most carefully neutralised. 
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washed germs, (3) germ-free decomposition products. The active 
organisms were furnished by urine which had been allowed to 
decompose during 24 hours. Washed germs were obtained by filter. 
ing decomposed urine, washing repeatedly with distilled water, and 
finally collecting them in 100 c.c. of water. The germ-free products 
were obtained from urine (a) which had decomposed for five days at 
the ordinary temperature ; (b) which had decomposed for three days 
at 30°; the liquid was boiled and filtered through a new and 
sterilised porous cell, under diminished pressure, and again sterilised 
at 100°, 

10 c.c. of these liquids were taken, to which 10 c.c. of water and 
10 c.c. of hydrogen peroxide (= 0°003 gram) were added in each 
case ; they were tested trom time to time with titanic acid with the 
following results. 


Taste III, 


First Series. 


| Germ and products. |Germ-free products. Washed germs. 


| H,O, absent | H,O,present | HO, present. 


” ” ” 


” 
absent » trace. 


— 


»” 
Second Series. 
H,O, absent | H,O,present {| H,O, present. 


a » absent a m 
(} of total H,0. 
added). 


These experiments, which were repeated with similar results, show 
that the peroxide is least stable in presence of germs in full activity 
(as shown by Liebig and also by Schénbein in the case of yeast), 
and further that it is less stable in the presence of the germ-free 
products than in presence of the washed germs. 

It now became interesting to compare the results obtained by 
the addition of hydrogen peroxide to urine in the dark, as above 
described, with those obtained when normal urine was exposed to 
the influence of light and oxygen. 

Experiments were therefore made to determine how far urine 
which had been sterilised by exposure possessed antiseptic pro- 
perties, when no longer under the influence of light. 

A sample of urine was taken which had been exposed during 
19 days (May 18th—June 6th). This was tested and found to contain 
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hydrogen peroxide ; portions of this liquid were added to urine which 
had been infected by two hours’ exposure to the air (in the dark) ; 
the following results were obtained. 


Taste IV. 


Results after 


c.c. infected 
urine. 


2 days. | 3 days. 


Muddy | Very muddy, 

Clear Cloudy. 

Pe | Clear (bunch 
of Penicillium). 


It is thus seen that urine, after exposure, possesses very decided 
antiseptic qualities. More accurate methods were next employed, in 
which the liquids were examined for organisms by means of cultures 
made on Koch’s meat peptone medium. 

These were made in thin layers of the jelly contained in fat 
bottomed flasks. In making these experiments I have had the 
advice and assistance of an experienced bacteriologist, Mr. F. W. 
Stoddart, the City Analyst, and I can therefore state with confidence 
that all the precautions usually taken by bacteriologists have been 
observed. I gladly take this opportunity of thanking him for the 
kind way in which he has placed his time and knowledge at my 
service. 

It now became interesting to enquire how far infected urine to 
which exposed urine had been added, and which remained clear, was 
free from organisms when tested in the manner above described ; 
and also whether exposed urine would lose its antiseptic qualities if 
the hydrogen peroxide were removed without otherwise disturbing 
the liquid. 

It was found that the removal of the peroxide could be rapidly 
brought about by addition of moist manganese dioxide.* A quantity 
of sterilised urine which had been exposed and was rich in peroxide 
was divided into two parts: one of these was treated with moist 
sterilised manganese dioxide in a sterilised flask, and when tested 
after 15 minutes was found to be free from peroxide. Equal quan- 
tities of the liquid so treated, and of that which still contained the 


* This was obtained by addition of hypochlorous acid to solution of manga- 
nese chloride ; the precipitated oxide was repeatedly washed till free from hydro- 
chloric acid, and sterilised in the moist state at 100°. 
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peroxide, were now poured into steriiised test-tubes, and at this stage 
cultures were made with the two samples in order to make sure that 
no organisms had been introduced. 

The two liquids were then inoculated with 1 c.c. of infected urine; 
cultures were made from the infected liquids after two hours’ time, 
and again after the liquids had stood during two days. 

The results obtained in this (A) and a similar series (B) of trials, 
are shown in the next table. In (B) the urine had been exposed 
during five days (June 12th—17th). 


Table V. 


Exposed urine, MnO, added. Exposed urine, no MnO, added. 
Tested for H,O,. Tested for H,O,. 
A, ubsent. A, present. 
B, trace. B, present. 


Liquid examined for germs before infection. After 4 days’ incubation. 


A, no colonies. | A, no colonies. 
B, no colonies, B, no colonies. 


a after 2 hours. 


Liquid infected cultures made ..... » lhour. 


| 
A, numerous colonies, 2 days’ incuba- | A, 1 colofy, 4 days’ incubation. 
tion. 
B, 3 colonies, 4 days’ incubation. B,2 colonies, _,, én 


A, after 2 days. 
B 


” 


Cultures made from infected liquid.... 


> ” ” ” 


A, mass of colonies, 2 days’ incubation. | A, no colonies, 4 days’ incubation. 


> ” ” ” » 


Appearance of liquid after 3 days. 


A, cloudy. | A, clear. 
B, i» | B, clear (after 6 days). 


These experiments seem clearly to show (1) that urine which has 
been exposed to light and contains hydrogen peroxide is capable of 
sterilising infected urine ; (2) that after the removal of the peroxide, 
exposed urine is no longer possessed of sterilising pr operties. 

The next question to be considered is as to how far urine in which 
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decomposition has been set up can be sterilised by exposure. To 
decide this point, a quantity of urine was allowed to decompose during 
24 hours in the dark. Portions of the liquid were then exposed during 
four days (June 14th—18th). Similar quantities were placed in the 
dark* at as nearly as possible the same temperature. 

l c.c. of each liquid was then made up to 109 c.c. with sterilised 
water, 1 drop of the diluted liquid being used for cultivation in each 
case. The results are exhibited in the following table. 


Taste VI. 


Result of culture after incuba- 
tion for 


Tested for 
H,0,. 


Conditions of experiment. 


4 days. 


50 c.c. decomposed urine. 


Exposed during 4 days 


50 c.c. decomposed urine. 


Dark during 4 days 
25 c.c. decomposed urine 
25 c.c. water. 

Exposed during 4 days 


25 c.c. decomposed urine 
25 c.c. water. 


Absent 


| 
| 
| 2 days. 
: 


No colonies | 
| 
| 
{ 


Mass of colonies! 


No colonies 


Mass of colonies ; 


3 liquefying 
colonies 


‘Number of colonies 


(just too many 
to count) 


Dark during 4 days 


Here it is seen that, although no hydrogen peroxide is found in the 
final product, the development of the organisms is much retarded 
under the influence of light. 

This experiment is typical of a large number of cases where sterili- 
sation by light is observed, although no peroxide is detected. It 
therefore becomes an important question—What is the cause of 
sterilisation in this case? If it be granted that in the previous ex- 
periment (in which the peroxide was found in the liquid after ex- 
posure) sterilisation was due to the presence of this substance, then 
the sterilisation observed in the present case can be explained in one 
of two ways: (1) it may be due to the formation of the peroxide in 
the urine, and its immediate decomposition by the organism, in which 
case the conditions resemble those in which hydrogen peroxide was 
added to decomposed urine; or (2) decomposed urine ceases to be a 
peroxide-forming liquid; in which case sterilisation by light is due 
to some othercause. The question to be decided is, therefore, whether 


* These were contained in a large tin box, one side of which was blackened and 
exposed to sunlight. The temperature of liquids in bottles so enclosed differed by 
less than 5° from that of liquids contained in the exposed bottles. 
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hydrogen peroxide is formed by the action of light and oxygen in 
urine in which organisms have freely developed. 

An experiment was first made in which 2°5 c.c. of urine containing 
bacteria in full activity were added to 100 c.c. of fresh sterilised 
urine. The liquid was immediately exposed to the morning sun, 
together with a similar quantity of sterilised urine to which no 
organisms had been added. After two days’ exposure, no peroxide 
was found in the first quantity, whilst a considerable quantity was 
present in the second. In this case, the liquid containing organisms 
corresponded in properties with decomposed urine, in that it failed to 
give hydrogen peroxide; although it is unlikely that the bacteria 
placed under such unfavourable conditions could have brought about 
decomposition of the entire liquid. 

The next experiment was made to determine whether decomposed 
urine would yield the peroxide on exposure if it had been subsequently 
sterilised at 100°. 

Fresh urine was infected with 1 c.c. of decomposed urine and 
allowed to stand in the dark during 24 ‘hours; it was then turbid 
with organisms. One portion of this was sterilised during two hours 
at 100°, and exposed! during two days (June 28th—July Ist). A 
second quantity, which had not been sterilised, was also exposed 
during the same period. Both liquids were then tested with titanic 
acid; the sterilised urine now gave a well-marked peroxide colora- 
tion, whilst in the unsterilised liquid no trace of peroxide could be 
detected.* This experiment shows that urine in which decomposition 
has gone on during 24 hours still yields the peroxide under the in- 
fluence of light, though the peroxide is unstable when organisms are 
present in the liquid. 

It was found, however, that when urine in which decomposition 
had gone on during a much longer period was sterilised, no peroxide 
was formed after long exposure. 

In this liquid, the proportion of decomposition products was much 
larger than in the previous case. The action of light on such pro- 
ducts was, therefore, studied. 

An experiment was first made, to determine how far the presence 
of germ-free products of the decomposition of urine influence the 
amount of peroxide found in fresh urine after exposure. The pro- 
ducts were obtained by allowing urine to decompose during seven 
days; organisms having been removed by filtration through a steril- 
ised porous cell, the liquid was heated to 100° before use.t+ 


* The unsterilised liquid which was again exposed has since been tested (after 
an exposure of 16 days), and now contains hydrogen peroxide ; cultures made with 
this liquid show it to be completely sterilised. 

+ The liquid so obtained probably represents a mixture of certain new com- 
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Varying quantities of such products were added to normal urine, 
the conditions being made as equal as possible by addition of water, 
where necessary, so that the total volume of liquid exposed was the 
same in each case. After nine days’ exposure (June 19th—28th),. 
the peroxide was estimated by the colorimetric method. The 
results so obtained are given below. 


Taste VII, 


c.c. of N/100 
colour solution 
required. 


c.c.of pro-| cc. of 
ducts. water. 


These numbers show that when equal quantities of fresh urine are 
exposed, and presumably equal quantities of the peroxide are being’ 
formed in the liquid, the amount of peroxide found as a final product 
decreases as the volume of product added increases. 

In the next experiment, the germ-free products were taken, and, 
without adding any fresh urine, one portion was exposed during 
20 days, whilst a second portion was kept at the same temperature in 
the dark during a similar period. 

When tested, no peroxide could be detected in either liquid; that 
which had been exposed was, however, almost completely bleached : 
the other still retained its dark brown colour. After a further 
exposure during 10 days, the first liquid was again tested, and now 
contained a trace of peroxide. The loss of colour here observed 
(which is much more rapid than in normal urine) seems to indicate 
that, in this, as in the previous, case, hydrogen peroxide is being: 
formed and again decomposed in the liquid. 

In another experiment, the products were treated with animal 
charcoal, which rapidly and completely removed the colour; the 
colourless liquid so obtained was exposed during six days (July 1st— 
7th), and was then tested and found to contain a trace of the peroxide, 
thus showing that, in this case, the colouring matter is only one of 
the agents influential in bringing about decomposition of the per- 
oxide first formed. 

The next experiments were made to determine how far the infected 


pounds formed by the growth of the organisms together with some of the con- 
stituents of the original urine. 
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products could be sterilised by exposure. Germ-free decomposition 
products, prepared as above, were taken and infected with (a) 
‘washed germs, (b) infected urine. One portion of each of these was 
exposed, a second portion being kept in the dark (at the same tem. 
perature). Cultures were made with a drop of each liquid; the 
results obtained are given in Table VIII. 


Taste VIII. 


| 
Results after 5 days. 


50 c.c. of germ-free products. Cultures after incubations of 


Appearance | 


o 
liquid. 2 days. | 4 days. 


1. Exposed for 5 days: : | ‘ 
@. 1 ¢.c. of washed germs added 3 colonies | 3 colonies 
b. 1 c.c. of inf urine ,, No colonies | No colonies 


2. Dark for 5 days: — 
@. 1 c.c. of washed germs __,, Cloudy | Mass of colonies Liquid ° 
b. 1 c.c. of infected urine _,, ” | ” ” ” 


It is seen from these results that sterilisation is brought about in 
the infected products under the influence of light, and it can hardly 
be doubted that in this case, also, atmospheric oxygen is presented to 
the organism through the medium of hydrogen peroxide, or some 
compound of this nature. 


Influence of Dilution. 


A point of some importance which remains to be considered is as 
to how far the dilution of fresh urine influences the formation of the 
peroxide in the liquid: to decide this, fresh urine was taken and 
diluted with varying quantities of water, so that a series of liquids 
was obtained, in which equal volumes contained a known percentage 
of normal urine. These were sterilised at 100° and exposed under 
the same conditions of light. The amount of peroxide contained in 
each liquid was then estimated by the colorimetric method. In the 
next table, the results of these experiments are given. 

In the last column the number of c.c. representing the theoretical 
amount of peroxide (for the volume of urine taken) are given on the 
supposition that the number representing the amount found in a 
100 per cent. solution is correct, and that the amount of peroxide 
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Taste 1X. 
First Series. 50 c.c. of liquid. Exposed 19 days (Feb. 26th—Mar. 16th). 


. me iqui c.c. N/100 

- | P.c. strengt standard colour 

No. | of urine. required | Calculated. 
for total liquid. | 


1°0 
0 °375 
2°225 


0°275 
0°10 


Second Series. 100 c.c. of liquid. Exposed 11 days (June 8th—19th). 


1 


6S 3-200 


| |; 20°25 


13°50 


—— 


6°75 


SCORCH OOCOKOCOH 


ORE AD TA 


or 
ee eee a) 


5°0 
2°5 
2°5 
5°0 
5:0 
2°5 
5°0 
0°0 
0°0 
20°0 
25°0 
20 °0 


| | 270 


| 


formed is directly proportional to the concentration of the liquid. It 
is seen that the numbers found agree well with those calculated.* 

These numbers seem to explain the observation made by Downs 
and Blunt (Proc. Roy. Soc., 1878, 492), that the rate at which bacteria 
appeared in putrefying liquids during exposure to light and air was 
directly proportional to the dilution. The above results show that 
when equal volumes of unsterilised urine of different degrees of dilu- 
tion are exposed to light, the amount of peroxide formed is inversely 
proportional to the dilution, and its antiseptic properties will also vary 
in the same ratio. 

On the other hand, the supply of germs from the air to the liquid 
will be the same for all, and since even dilute solutions serve for a 
while, at any rate, as cultivation media, it is in these that organisms 


* Considering the nature of the case, I was surprised at the close agreement 
between observed and calculated values in the first series ; the second was therefore- 
made, which quite confirms the first. 
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first develop. This point seems to have an important practical bear. 
ing on the oxidation of sewage under the influences of light and air, 

The following conclusions are drawn from the experiments described 
in this paper :— 


1. That hydrogen peroxide is formed when fresh urine is exposed 
to sunlight and oxygen. 

2. That the peroxide is stable in sterilised urine, although rapidly 
decomposed when active organisms are present in the liquid. 

. That although no peroxide can be detected in decomposing 
urine after exposure to light when living organisms are 
present, yet it has been formed in the liquid and again decom. 
posed. 

. That the organisms are themselves destroyed by the decomposi- 
tion of the peroxide. 

. That fresh urine, after exposure, possesses antiseptic qualities. 

. That these qualities depend on the presence of the peroxide 
formed in the liquid during exposure. 

. That sterilisation of urine by light is due, to a large extent, if 
not entirely, to the action of the peroxide on the organism. 


University College, 
Bristol. 


LXXXIII.—The Preparation of Active Amyl Alcohol and Active 
Valeric acid from Fusel Oil, 


By W. A. C. Rocsrs, Assoc. R.C.S., Lond, 


Amone the substances which Professor Thorpe was desirous of 
examining with a view of determining their physical constants was 
the optically active constituent of fuse] oil, and at his request I under- 
took the separation of this substance from the purified fusel oil of 
commerce. 

The oil used (obtained from Messrs. Hopkin and Williams) was of 
German origin; it boiled from 125° to 133°, and had an average 
rotatory power of —2° in a 200 mm. tube. 

Two methods have been employed in preparing active primary 
amyl alcohol ; that of Pasteur, in which the fusel oil is converted into 
hydrogen amylic sulphate, the more soluble barium salt being then 
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separated from the less soluble compound, and the alcohol regenerated 
by hydrolysis with dilute sulphuric acid (Compt. rend., 41, 296) ; 
and that of Le Bel, in which hydrogen chloride is passed into fusel 
oil heated to the boiling point; the latter method depending on the 
fact that of the two constituents, the active alcohol is less readily 
converted into chloride under these conditions, and, therefore, accu- 
mulates in the material which escapes attack (Compt. rend., 77, 
1021). Preliminary experiments were made by both methods, but as 
Le Bel’s process was the less laborious, it was decided to employ it in 
preference to Pasteur’s. The operation was at first conducted in the 
form of apparatus described by Just (Annalen, 220, 149), but it was 
found that a reduction in volume of nine-tenths only led to the 
doubling of the rotatory power ; 3 litres of purified fusel oil yielding 
310 c.c. of an alcohol rotating — 4° in a 200 mm. tube. 

This result was disappointing in view of Le Bel’s statement that 
ina similar manner, by a like reduction in volume, he obtained an 
alcohol exhibiting a rotatory power of —9° in a 200mm. tube; but it 
is in fair accord with Just’s observation that by the treatment of 
15 litres of fusel oil rotating —2°43°, 950 c.c. of an alcohol rotating 
—46° in a 200 mm. tube were obtained, further treatment failing 
to increase the rotatory power. 

At this stage of the work I learned from Professor Thorpe that far 
better results had been obtained by Professor Odling and Mr. J. E. 
Marsh by a modification of Le Bel’s method, and my thanks are due 
to these gentlemen not only for furnishing details of their process, 
but also for permitting me to publish an account of my work in 
which their method has been exclusively employed. 

The method consists in heating fusel oil in sealed tubes with twice 
its volume of fuming hydrochloric acid (sp. gr. 1:2) during about 
three hours at 100°. The tubes employed were about 5 ft. long, 
and of an average internal diameter of 1 in.; they were heated -in 
iron tubes through which a current of steam was passed. Each 
tube contained from 130 to 150 c.c. of fusel oil, being filled about 
three parts full of the mixture of fusel oil and fuming acid, and could 
be employed five or six times without danger. When mixed together, 
the fusel oil dissolved in the acid, but after heating at 100° during 
three hours, three layers were always noticed in the tube, the middle 
layer, however, being sometimes narrow and hardly discernible. The 
top layer was found to consist almost entirely of amylic chloride, the 
middle layer of about equal proportions of amylic chloride and alco- 
hol, together with a little acid, and the bottom layer of acid contain- 
ing alcohol in solution, but free from amylic chloride. 

The top layer was fractionally distilled and was found to boil at 
95—100°, excepting a small quantity which came over towards the 
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end, when the temperature rose to 160° or higher. This high boil. 
ing liquid was collected separately. 

The strongly acid middle layer was treated with excess of potas. 
sium carbonate, the oily layer separated from the alkaline solution, 
and afterwards fractionally distilled to separate the amylic chloride 
from the unattacked alcohol. 

On diluting the bottom layer with water, some of the dissolved 
alcohol usually separated and was removed by means of a funnel. 
The strongly acid solution was then distilled, when the remainder of 
the alcohol came over with the first portion of the distillate. 

Asarule about one-third of the alcohol originally taken was re- 
covered in this way, and the effect of the treatment was to increase 
the rotatory power by about 1° 30’. 

The product of the first treatment with fuming acid was then sub- 
mitted to a second treatment. In this manner the process was con- 
tinued, using, however, equal bulks of acid and alcohol, until no 
further increase in the rotatory power was produced. 

The following table (p. 1133) is a summary of the results obtained. 
It will be seen that 16-2 litres of purified fusel oil gave 250 c.c. of an 
alcohol rotating —8° 30’ per 200 mm., beyond which value it was not 


found possible to increase the rotatory power by this method. 
It may be noted that the alcohol thus separated has a slightly 


higher rotatory power than that obtained by Pasteur (Compt. rend., 
41, 296), but a lower rotatory power than that of Le Bel, unless of 
course the values given by these chemists are the specific rotatory 
powers of the alcohols obtained by them. 

There is no guarantee that the alcohol thus obtained is a uniform 
substance ; it may very well be a mixture of the active and inactive 
constituents of fusel oil, in such proportions that hydrogen chloride 
acts to an equal extent on each of them, and that consequently 
further treatment with acid does not lead to any increase in the 
rotatory power. 

The active amyl alcohol was dried over fused potassium carbonate, 
and finally allowed to remain over anhydrous copper sulphate during 
about two months; on being then redistilled, it was found to boil at 
128°35° to 129°15° under a pressure of 768 mm. Its density at 
22°/22° was 0°818, and its rotatory power per 200 mm. at 22°, deter- 
mined in a Laurent and also in a’ Duboscq polarimeter, was found to 
be —8° 30’, using sodium light; thus giving as the specific rotatory 
power at 22° the value —5°2°. The alcohol had a more pleasant and 
less pungent odour than the ordinary amy]! alcohol. 

The conversion of active amyl alcohol, isolated by Pasteur’s method, 
into valeric acid has been effected by Pedler (J. Chem. Soc., 1868, 21, 
74) and Ley (Ber., 6, 1367). As the active amyl alcohol isolated by 
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Le Bel’s method has not seemingly been converted into valeric acid, 
and its primary nature established beyond question, it seemed desir- 
able to submit a portion of this product to oxidation. After various 
trials, the following method was found to give the best results. 

A solution of 40 grams of potassium dichromate in 150 c.c. of water 
was heated nearly to boiling in a reflux apparatus, and 10 grams of the 
alcohol allowed to pass slowly into the hot liquid by means of a 
stoppered funnel dipping to the bottom of the flask. The addition of 
the alcohol was completed in about 30 minutes. The contents of the 
flask were afterwards heated to incipient boiling during about six 
hours until all signs of action ceased. During the action carbonic 
anhydride was evolved, and towards the end a tarry-like substance 
separated. After standing during 24 hours in the cold, the contents of 
the flask were distilled, but only a small quantity of valeric acid passed 
over, the greater portion remaining, apparently as a chromium salt, 
in the tarry residue. This material was insoluble in water, but 
soluble in alcohol, from which it could be precipitated by the addition 
of water. When purified by fractional precipitation, it yielded 244 
per cent. of chromium sesquioxide on ignition. When distilled with 
dilute sulphuric acid (1 to 1), it was slowly decomposed, valeric acid 
and water passing over into the receiver, five-sixths of the total yield 
of valeric acid being isolated in this way. The distillates were then 
rendered alkaline with sodium carbonate, and the oily layer con- 
sisting of amylic valerate (analysis gave C, 69°12; H, 11°7) having been 
separated, the solution of sodium valerate was evaporated and, when 
sufficiently concentrated, distilled with dilute sulphuric acid (1 : 1). 
The distillate was dried over calcium chloride and afterwards dis- 
tilled. By this method 40 grams of the alcohol were found to yield 
19 grams of valeric acid. 

It has been shown by Pedler, and also by Ley, that acetic acid is a 
product of the oxidation of active amyl alcohol; my results confirm 
this conclusion, inasmuch as a noteworthy quantity of acetic acid was 
found in the aqueous distillate accompanying the valeric acid, and 
was isolated as the silver salt. 

The active valeric acid thus obtained was found to boil at 174°5° to 
175°3° under 768 mm. pressure; its density at 22°/22° was 0-936; its 
rotatory power at 22°, as determined in a Duboscq polarimeter, was 
found to be + 26° in a 200 mm. tube, using sodium light, giving there- 
fore 13°9° as the specific rotatory power. 

For purposes of comparison, some of the fusel oil, rotating —2° per 
200 mm., was oxidised by the method just described; approximately, 
the same percentage yields of valeric acid and amylic valerate 
were obtained, and the product was found to boil at 174:7° to 175°5° 
under 768 mm. pressure; its density was 0°928 at 22°/22°; and its 
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rotatory power was +5° 52’ per 200 mm. This result is noteworthy, 
inasmuch as a comparison of the rotatory powers of the active alcohol 
and acid with the rotatory powers of the fusel oil and acid derived 
from it, shows that the increase of rotatory power is in both cases in 
approximately the same proportion. 

Since this work was completed, a paper by Guye and Chavanne 
has appeared in the Compt. rend., 116, 1454, in which it is stated that, 
using an alcohol of which the rotatory power was [a]p —4°40°, an 
active valeric acid was obtained, having a rotatory power [a]p = 
+13°64°, the density of which was 0°938 at 22°, and the boiling point 
173—174° under 730 mm. pressure, results corresponding very closely 
with mine. 

The liquid boiling between 100° and 180°, isolated during the pre- 
paration of the amylic alcohol from the amylic chloride, was examined, 
by first shaking repeatedly with water to remove any alcohol which 
might be present, drying over calcium chloride, and afterwards 
fractionating in a Glynsky apparatus to remove amylic chloride. 
After repeated fractionation, the product amounted to 59 grams 
from 380 c.c. of the chloride obtained in the first treatments with 
hydrogen chloride, and was found to boil at 166-°9—167-9° under a 
pressure of 758 mm. An analysis gave figures showing that its com- 
position corresponds with that of diamylic ether, (C;H,).0. 


0'2627 gave 0°3367 H,O and 0°7278 CO,. C = 75°95; H = 13°98. 
(C;H;,).0 requires C = 75°92; H = 14°24 per cent. 


To check this result, two vapour density determinations were made 
in Professor Thorpe’s modification of Hofmann’s apparatus (J. Chem. 
Soc., 1880, 3'7, 147), and these gave 80 (heated in the vapour of 
turpentine) and 77°7 (heated in steam), as against 79, the calculated 
density for diamylic ether. 

Diamylic ether appears to be a constant product of the action of 
fuming hydrochloric acid on amylic alcohol, the amount formed, how- 
ever, being small. Attempts to prepare it by heating amylic alcohol 
with amylic chloride, in varying proportions, at 100° in sealed tubes 
during several hours were fruitless, and hence, probably, the presence 
of hydrogen chloride is necessary to effect the condensation. 

In conclusion, I beg to tender my heartiest thanks to Dr. W. P. 
Wynne for aid given during the progress of the work. 


Royal College of Science. 


LXXXIV.—Note on Lead Tetracetate. 


By A. Hurcuinson, M.A., Ph.D., and W. Powtarp, B.A. 


Wue red lead is submitted to the action of hot glacial acetic acid, a 
colourless solution is obtained which, on cooling, deposits crystals. 
These crystals were first analysed by Jacquelain (Compt. Rendus des 
Trav. de Chimie, 1851,1), who gave them the formula PbO,,3(C,H,0,) 
[O = 100, H = 125, C = 75, Pb = 1294]. Schinbein (J. pr. 
Chem., 1858, 74, 315), a few years later, showed that on adding 
sulphuric acid to a solution of red lead in acetic acid, part only of 
the lead is precipitated, “acetate of lead peroxide” remaining in 
solution; he does not, however, appear to have observed the forma- 
tion of crystals. As Jacquelain’s formula, though based on the 
results of analyses, seemed an improbable one, and being unable to 
find any further account of the substance in chemical literature, 
we determined to submit it anew to investigation. 

Commercial red lead was added little by little to hot glacial acetic 
acid till no more dissolved; the crystals which formed on cooling 
were filtered off, and after several recrystallisations from hot glacial 
acetic acid were dried over sulphuric acid ina vacuum. When free 
from acetic acid, the product is extraordinarily sensitive to the 
presence of water, which at once converts it into lead peroxide and 
acetic acid; this fact, noted by Jacquelain, was taken advantage of by 
us in order to analyse the substance, the lead peroxide being col- 
lected on a weighed filter, and the acetic acid titrated with alkali. 
The results leave no doubt that the compound is lead tetracetate, 
Pb(C,H;0,),. 


Thus 0°877 gave 0°4755 PbO,, and the filtrate required for neutra- 
lisation 79°9 c.c. of NaOH (1 c.c. = 0°00395 NaOH). 

Whence PbO, = 54°22 (CH;CO),0 = 45°88 

Pb(C,H;0,), requires PbO, = 53°93 and (CH;CO),0 = 46°07 p. c. 


The crystals begin to melt at 175°, and a few degrees above this 
temperature decompose. Jacquelain gives 160° as the melting point. 
Lead tetracetate dissolves in concentrated hydrochloric acid; that 
lead tetrachloride is produced by this interaction is shown by the 
precipitation of the characteristic yellow double ammonium salt when 
the solution is added to a cold, saturated solution of ammonium 
chloride; compare Nikoljukin (J. Russ. Chem. Soc., 1885, 207), 
Classen and Zahorski (Zeit. anorg. Chem., 4, 103), Friedrich (Ber., 
26, 1434), and Wells (Zeit. anorg. Chem., 4, 338). 
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By the interaction of red lead and propionic acid, an analogous 
crystalline tetrapropionate is obtained. 

The result obtained by allowing lead tetracetate and hydrochloric 
acid to interact suggests the possibility of preparing in a similar 
manner other per-salts of lead: experiments in this direction are in 
progress, and we hope soon to be able to lay a detailed account of our 
investigations before the Society. 


Gonville and Caius College Laboratory, 
Cambridge. 


LXXXV.—The Constitution of Rubiadinglucoside and Rubiadin. 
By L. MarcHLewsk1. 


In the case of glucosides, derived from a single molecule of glucose 
containing a bivalent radicle, the constituents may be associated in 
various ways; thus, in the case of rubiadinglucoside, the following 
formule are possible. 


II. III. IV. 
COH CH, O CH,OH 
6H-OH OH > CH-OH 
CH-OH CH-OH CH 
CH-OH CH-OH CH-OH 
CH-OH CHOH %\CH-OH 
CH, CH-OH CH 
0 0 0 
C,,H,0,,.0H C,;H,0O,0H C,;H,0,,0H 


The first three of these formule are based on the Baeyer-Fittig 
formula of glucose, the fourth being based on the formula proposed 
by Tollens (Ber., 16, 921). The first expresses the idea that methyl- 
purpuroxanthin associates with glucose, forming a compound of the 
nature of an acetal, and that all the hydroxyls of the glucoside are 
carbinolic. The second presupposes the existence of an aldehyde 
group in the glucoside, four of the five hydroxyl groups being 
represented as carbinolic, the fifth as phenolic. The third formula 
represents the glucoside as a compound of an aldol type. The fourth 
formula both precludes the existence of aldehydic groups, and 
exhibits differences between the five hydroxyl groups. 

In deciding which of these four formule represents the actual con- 
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stitution of the compound under dircussion, the following questions 
are of importance. 

1. Does the glucoside contain an active aldehydic group ? 

2. Does the glucoside contain a concealed aldehydic group ? 

3. Are the five hydroxyls of the glucoside of carbinolic nature, or 
is one of them phenolic ? 

In discussing these points, the question necessarily arises—a closer 
examination of which might lead us too far, but which, nevertheless, 
may be shortly alluded to—What is the constitution of glucose ? 

Notwithstanding numerous researches on this subject, no final con- 
clusion has been arrived at. The formula generally employed is that 
suggested by Baeyer and Fittig, although it is scarcely in accordance 
with all the known facts: thus, glucose fails to give the magenta 
test for aldehydes, but, on the other hand, it has been maintained 
that this test does not apply unconditionally to aldehydes containing 
a large number of hydroxyl groups. 

Even at the time when Fischer (Ber., 23, 2114) discussed the 
constitution of glucose, important facts had been observed, which 
did not agree with the aldehydic formula; the non-occurrence of 
action when pentacetyl-dextrose and phenylhydrazine are brought 
together is one of these facts. Erwig and Koenigs (Ber., 22, 1464, 
2207), who made this observation, therefore concluded that either 
Baeyer and Fittig’s formula was incorrect, or that complications 
occurred within the dextrose molecule at the moment of acetylation, 
resulting in the formation of a substance unattackable by phenyl- 
hydrazine; they therefore represent pentacetyl dextrose by the 


formula 
CH. 
GH >? 
CH-OAc, 
CH-OAc, 
CH-OAc, 
: OAc 
CH< OAc: 


In other words, they suggest that an acetyl-group is formed by the 
combination of the elements of acetic anhydride with the aldehyde 
group, dehydration of the glucose molecule also taking place. There 
‘is, however, as these authors point out, nothing to support such an 
assumption, as dehydration does not attend acetylation in the case of 
similar compounds such as mannitol. 

To this observation must be added another lately made by Skraup 
(Ber., 22, 669c), that the pentabenzoyl derivative prepared by Baum 
and Baumann’s method (Ber., 19, 3218, 307c; 21, 2744) is also un- 
affected by phenylhydrazine. Skraup therefore -maintains that 
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glucose may exist in two forms, one of which possesses the character 
of an aldehyde, as represented by the Baeyer-Fittig formula; the 
other being the anhydride of a heptad alcohol. Skraup’s view is 
materially confirmed by the fact that glucose yields two isomeric 
hydrazones. 

On considering the facts in connection with the four formule by 
which rubiadinglucoside might be represented, it is at once necessary 
to dismiss the first formula, as the hydroxyls of the glucoside are 
clearly not identical in fanction. 

As previously mentioned (this vol., p. $69), the glucoside is formed 
by boiling the madder extract with dilute acid; it is probably formed 
by the partial hydrolysis of some complex soluble glucoside contain- 
ing two glucose residues to one of methylpurpuroxanthin. Such an 
interaction would involve the setting free of one of the hydroxyl 
groups of methylpurpuroxanthin ; and on this assumption the gluco- 
side contains one phenolic and four carbinolic hydroxyls. This 
conclusion is supported by the fact that rubiadinglucoside affords 
potassium and barium derivatives, which are dark red in colour. 

Liebermann and Bergami (Ber., 20, 2241) have assumed that 
ruberythric acid contains an alizarin hydroxyl, on account of the 
deep colour shown by the salts of this acid, which contains two 
glucose residues to one molecule of alizarin; and it is equally legiti- 
mate in the present case to assume that a phenolic hydroxyl is 
present in rubiadinglucoside. The composition of the barium deri- 
vative of the glucoside favours this assumption, although, on the 
other hand, some doubt may arise from the fact that the compound 
cannot be obtained in a crystalline form. 

The view here taken derives support from analogy. An acetal-like 
combination, such as is represented by the first of the formula on 
p- 1137, can only take place easily when the two phenolic hydroxyls oc- 
cupy adjacent positions. In the case of glucosides yielding products in 
which the hydroxyls take up a para-position, no acetal-like coupling 
takes place. This point is well illustrated in the case of arbutin, 
which on treatment with acids splits up into d-glucose and hydro- 
quinone. The fact that arbutin is capable of forming methylarbutin, 
which on hydrolysis yields glucose and methylhydroquinone, con- 
clusively proves the accuracy of the above assertion. 

In the case of salicin again, which is derived from glucose and 
ortho-hydroxybenzylalcohol, only one hydroxyl takes part in the com- 
bination, salicin on oxidation yielding helicin, the formation of which 
involves the oxidation of one of the hydroxyls of saligenin. 

The second formula is precluded by the fact that rubiadinglucoside 
is not acted on by phenylhydrazine. This was ascertained in the 
following manner. 
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A concentrated alcoholic solution of molecular quantities of the 
glucoside and of phenylhydrazine was heated in the water-bath 
during three hours, and finally steam was passed into the liquid. 
‘The product which separated out on cooling was washed with acetic 
acid, and proved to be unaltered rubiadinglucoside. A qualitative 
examination by means of Lassaigne’s test, proved that no nitrogen 
compound had been formed, consequently formule 3 and 4 alone 
remain for discussion. 

The third formula is analogous to that given to euxanthic acid by 
Graebe (Annalen, 254, 278). This formula presupposes the asso- 
ciation of methylpurpuroxanthin and glucose to be affected in such 
manner that an aldol is formed, and agrees generally with the obser. 
vations made on the glucoside. The formula does not contain any 
active aldehydic group; and of the five hydroxyl groups, one is phenolic. 
Nevertheless the formula would appear very improbable, as in order 
to account for the empirical composition of the glucoside, it would be 
necessary to assume that dehydration of the glucose takes place, 
which is as improbable as that dehydration of glucose should occur 
during its acetylation. Therefore, as long as two different formule 
equally well express the constitution of glucose, the fourth of the 
formule given on p. 1137 is to be preferred, and this, moreover, 
appears to be in every respect in accordance with facts. In its fully 
developed form, and taking into consideration the formula for 
rubiadin to be referred to later on, the constitutional formula of 
rubiadinglucoside is as follows :— 


CH,OH 
a OH 
OH 


o( SH CHOH /\_co—/\ 
°\ OH: OH | Sons am 
C*H—O- } —co— 


The position of the ethylene-oxide-like oxygen in the glucose 
residue, as well as that of the hydroxyl of the methylpurpuroxanthin 
which is united with this residue, have, of course, been arbitrarily 
selected. The combination of the methylpurpuroxanthin with the 
glucose residue will necessarily take place at the point marked with 
an asterisk, i.e., at the carbon-atom, which can, under certain condi- 
tions, according to Tollens (Handbuch der Kohlenhydrate, p. 11) be the 
origin of the aldehyde groups of dextrose, a transformation which 
cannot take place in the case of the glucoside on account of the pre- 
sence of the methylpurpuroxanthin residue, 

d-Glucose is apparently always present in natural glucosides in 
the form of a residue derived from an anhydride of a heptad alcohol, 
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my observations showing that neither arbutin nor salicin are capable- 
of interacting with phenylhydrazine, consequently they must be repre- 
sented by formule similar to that assigned to rubiadinglucoside. 


Constitution of Rubiadin. 


All the properties of rubiadin afford proof that it is a methylated 
purpuroxanthin (compare Schunck and Marchlewski, this vol., 969).. 
To determine its constitution, I have endeavoured to effect its synthe- 
sis. 

The synthesis is, however, attended by considerable difficulties, as 
no fewer than six isomeric methylpurpuroxanthins may exist. By 
assuming, however, that it is derived from methylanthracene, from 
which other natural methylanthracene derivatives (emodine, chryso- 
phanic acid, é&c.) are formed, the task is considerably simplified. 

On this assumption, one of the following formule must represené 
the constitution of rubiadin :— 


OH 
/\_.co—/ Nous 


| 


‘OH 


¥ eerie.” 


At first sight the first of these formule would appear improbable, 
as the presence of the methyl group between the two hydroxyls might 
conceivably so modify the properties of the substance that it would 
differ very much from a homologue of purpuroxanthin; but as 
methylquinizarin—in which the methyl and hydroxyl groups occur 
in the same nucleus—differs very little from quinizarin, this conclu- 
sion is not justified. 

The second formula is certainly not that of rubiadin; it having 
been already assigned, on sufficient grounds, to another substance. 

Noah (Annalen, 241, 266), by condensing benzoic acid and sym- 
metrical metadihydroxy benzoic acid obtained purpuroxanthin ; there- 
by determining the constitution of that compound, and in like 
manner we might, a priori, expect to obtain methylpurpuroxanthin 
from paratoluic or paramethylbenzoic acid and metadihydroxy benzoic 
acid, thus :— 
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OH OH 
“\_co— AN 
| + | = 20H, + | 


I have accomplished this synthesis in the following manner: a 
mixture consisting of 4 grams of metadihydroxybenzoic acid, 
15 grams of paramethylbenzoic acid, and 200 grams of concentrated 
sulphuric acid was heated at 110° during eight hours. The product 
was poured while still warm into a large quantity of water. A green 
flocculent precipitate was produced, containing, besides the expected 
methylpurpuroxanthin, anthrachrysone and unaltered metadihydroxy. 
benzoic acid and paratoluic acid; by directly extracting with ether 
all these substances excepting anthrachrysone were dissolved out. 
The ethereal extract was now evaporated, the residue was suspended 
in water and steam was passed in during some time in order to expel 
the methylbenzoic acid. The remaining pale yellow residue was 
then twice extracted with benzene, in which neither anthrachrysone 
nor dihydroxybenzoic acid are soluble. The methylpurpuroxanthin 
remaining after evaporating off the benzene was twice recrystallised 
from benzene. 

The analysis of the product dried at 130° showed that the substance 
sought for had, indeed, been obtained. 


0°1520 gave 0°3934 CO, and 0°0552 H.O. C = 70°58; H = 4°03. 
C,\sH iO, requires C = 70°86; H = 3°93. 


This artificial methylpurpuroxanthin strongly resembles rubiadin ; 
the solubility of the two substances in ether, alcohol, and benzene, the 
form of the crystals, the absorption spectra of the alcoholic, alkaline, 
and sulphuric acid solutions being indistinguishable. Still the 
artificial product differs from the natural compound, in that the 
former melts at 267° and the latter at 290°. At first it appeared 
probable that this difference was due to slight impurities obstinately 
adhering to the substance, but this did not prove to be the case, as 
on preparing the acetyl derivative (which crystallises from benzene 
in pale yellow needles) and hydrolysing it with potash, a product 
was obtained also melting at 267°. Rubiadin, therefore, is probably 
represented either by the first or by the last of the three formule 
given on p. 1141, and between these only synthetic experiments can 
decide. 


(coon 


LXXXVI.—Resolution of Lactic acid into its Optically Active 
Components. 


By T. Purpir, Ph.D., B.Sc., Assoc. R.S.M. 


Or the three known methods of resolving racemoid compounds into 
their optically active components, the two which depend on the action 
respectively of micro-organisms and of other active substances have 
been practised with success in numerous stereochemical invesiiga- 
tions in recent times. The third method, on the other hand—spon- 
taneous resolution by crystallisation of the two enantiomorphic 
forms—does not appear to have been used as a practical means of 
obtaining optically active compounds, and indeed the phenomenon 
on which it is based has been but rarely observed to occur. The 
only instances recorded in the most recent treatise on stereo- 
chemistry (Hantzsch, Grundriss der Stereochemie, 1893) are the 
well known cases of certain salts of racemic acid, in which the 
phenomenon was first noted, and of inactive asparagine, which 
crystallises always as a mixture of the enantiomorphic forms. E. 
Fischer has recently shown (Ber., 25, 1025) that an inactive solu- 
tion of d.- and 1.-gulonic lactones deposits a mixture of the two 
isomerides, although some of the inactive derivatives made from 
such a mixture crystallise as true racemoid compounds. 

Irrespective of the rarity of its occurrence, the resolution of 
racemoid compounds by crystallisation possesses a special interest ; 
of the three methods of resolution referred to, it is the only one 
which is purely chemical in the sense that it is independent, even 
indirectly, of vital agency, and the phenomenon has, moreover, as. 
has been shown by Van’t Hoff (Ber., 19, 2142) and others, an 
intimate bearing on problems relating to chemical equilibrium. 

The application of the method in question to ordinary inactive 
lactic acid forms the subject of the present communication, the 
investigation which is described’ having been undertaken with the 
view of discovering a simple means of obtaining the active lactic 
acids, 

In a communication to this Journal (Purdie and Walker, 1892, 61, 
754) on the resolution of inactive lactic acid by crystallisation of the 
strychnine salts, an active zinc ammonium lactate, of the composition 
ZnC,H,,0.,NH,C;H;0;,2H.0, was described, which is distinguished 
from most of the other lactates by its habit of crystallising in com- 
paratively large, well-defined forms. It was found to possess in a 
marked degree the property of forming supersaturated solutions. 

VOL, LXIII. 41 
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Thus, when either of the active zinc lactates was dissolved in an excess 
of a solution of the corresponding active ammonium lactate, a syrup 
was obtained on evaporation, from which the salt in question crystal- 
lised rapidly when a nucleus of the already formed crystalline salt 
was added to it. It was also observed that a concentrated solution 
of inactive ammonium lactate was capable of dissolving large quan- 
tities of inactive zinc lactate, a thick syrup being formed, which on 
dilution, and sometimes on standing, deposited inactive zinc lactate, 
but that no inactive double salt separated. These observations sug- 
gested the idea that possibly the inactive zinc lactate, on being 
heated in concentrated ammonium lactate solution, was resolved into 
its active components, and that by altering the conditions of tem- 
perature and concentration so as to avoid the recombination of the 
enantiomorphic forms, the active double salts might be separately 
crystallised from the supersaturated solution on the addition of the 
proper nucleus. 

The observation referred to regarding the non-formation of an 
inactive zinc ammonium lactate was erroneous, but the method sug- 
gested yielded, nevertheless, after numerous trials, the desired result. 


Resolution of Inactive Lactic acid into its Active Constituents. 


Preliminary. Experiments—The preliminary experiments which 
were made were not encouraging. A very concentrated solution of 
zinc and ammonium lactates was prepared by dissolving with the 
aid of heat 34 grams of the former salt in a thick syrup of the latter, 
procured by adding excess of strong ammonia to 36 c.c. of syrupy 
lactic acid. A nucleus of the active zinc ammonium lactate, which 
was added, remained undissolved, but it did not induce the desired 
crystallisation. The syrup gradually solidified to a crystalline mass 
consisting of tufts of needles, bearing no resemblance to the active 
double salt. The conditions were varied by carrying out the crystal- 
lisation at a low temperature, by adding alcohol to make the solution 
less syrupy, and by adding lactic acid to distinct acid reaction, but 
without success. On several occasions, the crystalline splinters which 
had been added as nuclei seemed to increase a little in size, but they 
became so soon enveloped with the inactive salt, that it was impos- 
sible to be certain of the correctness of the observation. On one 
occasion, a minute quantity of a granular crystalline powder, differing 
from the needles and lying round the nuclei, was discernible with the 
aid of a lens. It was found impossible to separate it from the mass 
of crystalline inactive salt in which it was imbedded, but these 
observations led to a continuance of the experiments. 

A less concentrated solution was made by dissolving 20 grams of 
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zinc lactate in the same quantity of ammonium lactate as before, the 
volume of the solution being 50 c.c. The separation of the inactive 
salt was slower in this case, but the growth of the active nuclei 
could not be verified with certainty. A small quantity of this 
solution, however, which had been placed in a watch glass for a . 
special experiment, with a nucleus of the dextrogyrate double salt, 
and left exposed to the air for some days, was found to have 
deposited a thin, transparent film of glassy crystals, which, on ex- 
amination under the microscope, were seen to bear a close resemblance 
to the active double salt procured in the strychnine method of sepa- 
ration. After a week, the small quantity of syrup which remained 
was poured off, the dry crystals, weighing 0°2045 gram, were dissolved 
in water, and the solution made up to 10 c.c._ Polarimetric examina- 
tion of this in a 200 mm. tube gave the rotation +7’. Having, at the 
time, no levogyrate salt at my disposal for use as a nucleus, the mother 
liquor was left to crystallise spontaneously, but it merely deposited 
needles recognisable as the inactive salt. Crystals and syrup together 
were therefore dissolved in water. The solution, made up to 10 c.c., 
showed the rotation —4' in the 200 mm. tube. The solution in the 
watch glass which yielded the active salt was slightly acid, and of a 
less syrupy consistency than the solutions which had been previously 
used, owing to the escape of ammonia and absorption of moisture; 
the liquid from which it had been taken was, therefore, acidified by 
the addition of a little dilute lactic acid, heated till clear, and when 
cool again sown with a trace of powdered dextrogyrate zinc am- 
monium lactate. In a few days the liquid became turbid, and a 
deposit consisting of minute, microscopic prisms was formed. The 
thick, syrupy liquid was poured off as far as possible, and the crys- 
talline paste brought again into solution by tbe addition of a little 
water and heating. On standing some days, a thin crust of the same 
minute, short prisms, formed on the bottom of the crystallising dish, 
which was, however, soon covered with a much more voluminous 
deposit of inactive needles. The liquid being poured off, the latter 
were removed as far as practicable, and the crust which adhered to 
the bottom of the dish was placed on filter paper. When dry, it 
weighed 0°83 gram. It was shaken up with rather more than 10 c.c. 
of water, and filtered into a 200 mm. tube. The solution showed the 
rotation +28’. 

The mother liquor from which the crystalline paste had been 
taken measured 45 c.c. A few c.c. of water having been added to it, 
it was heated till clear and sown with active salt, but only a thick 
deposit of inactive salt was obtained. The solution was, therefore, 
evaporated, and again sown with dextrogyrate salt. The short, 


minute prisms of the active salt now appeared, but were quickly 
412 
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followed by the much more abundant growth of inactive needles, 
0°79 gram of dry crystals was obtained, a solution of which in 12 c.c, 
of water showed the rotation +21’. 

The mother liquor, on standing a fortnight, deposited 8-4 grams of 
salt, consisting of radiating groups of much more elongated prisms 
than those of the active salt; it was found to be quite inactive. 

The mother liquor from this deposit was again heated till clear, 
and sown with a trace of the levogyrate salt, some of this substance 
having been meanwhile procured by the resolution of ordinary lactic 
acid by means of strychnine. The nuclei increased in size, and the 
liquid became turbid owing to the separation of microscopic prisms 
exactly resembling the dextrogyrate salt, which in a few days formed 
a thin layer on the bottom of thedish. None of the radiating groups 
of inactive salt appeared. 1°75 grams of dry salt was obtained, which 
nearly all dissolved in 16 c.c. of water, and in a 200 mm. tube gave 
the rotation —58’. 

These experiments afforded proof that the lactic acid had been 
resolved into its active components by crystallisation of the active 
zinc ammonium lactate, but the process of resolution was evidently 
very incomplete, and the tendency of the solutions to deposit one or 
more inactive salts presented the chief obstacle to the isolation 
of the active compounds; a series of experiments on a small scale 
was, therefore, made in order to find conditions of concentration 
more favourable to the exclusive crystallisation of the latter saits. 

In each of the following experiments, 10 c.c. of lactic acid syrup 
(d = 1°21) were taken; strong ammonia was added till a solution 
was secured which, after being heated during some time, remained 
distinctly alkaline on cooling; the solution was again heated over the 
naked flame until it was slightly acid, the zinc lactate being mean- 
while dissolved in it, and water added to make it up to the desired 
volume, and when cool a trace of the powdered dextrogyrate salt was 
stirred into it. The crystalline deposit which formed was freed from 
adhering syrup with the aid of a suction pump and washed with dry 
alcohol, as it was found that the syrup deposited zinc lactate when 
diluted with water, but remained clear on the addition of alcohol. 
The washings, having been freed from alcohol by evaporation, were 
returned to the filtrate, the crystallisation of which, after it had been 
heated till clear, was again induced by adding a nucleus of the levo- 
gyrate salt. The crystalline deposits were weighed in the air-dried 
condition, and allowed to remain for 12 hours in 16 e.c. of water, 
except in a few cases in which the quantity of water used is specially 
mentioned. The solution was then filtered into the 200 mm. tube and 
examined with the polarimeter. The weights of zinc lactate used, 
the volumes of the solutions, also the results of the experiments, 
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including the weights of the deposits of active salts and the observed 
angles of rotation under the conditions mentioned, are given briefly 
below. 

Experiment 1.—Zinc lactate, 8 grams; vol.,20c.c. In 12 hours a 
pretty large crystalline deposit of the active salt had formed, mixed, 
however, with tufts of inactive needles: lst crop, 3°96 grams, in 
32 c.c., +14’; 2nd crop, 0°83 gram, —31'. 

Experiment 2.—Zinc lactate, 7 grams; vol., 15 c.c. In two days 
scarcely any crystallisation had occurred ; the solution was, therefore, 
made up with water to 20 c.c.; in 12 hours there was a thick deposit 
of active salt mixed with tufts of inactive needles: Ist crop, 5°6 
grams, in 45 c.c., +9'; the 2nd crop, being very small, was not 
examined. 

Experiment 3.—Zinc lactate, 6 grams; vol., 22 ¢c.c. In a few hours 
needles of inactive salt appeared in quantity, and in 12 hours there 
was an abundant deposit, but examination with the microscope 
showed that there was none of the active salt present. The solution 
was evaporated to just under 20 c.c.; in 12 hours a deposit of the 
active salt, mixed with some inactive needles, had formed: Ist crop, 
1:94 grams, +29’ ; 2nd crop, 0°91 gram, —40'. 

Experiment 4.—Zinc lactate, 6 grams; vol.,17¢.c. In 12 hours there 
was an abundant growth of the active salt, and the inactive salt 
did not appear till the third day: lst crop, 2 grams, +26'; 2nd crop, 
054 gram, — 28’. 

Experiment 5.—Zinc lactate, 5 grams; vol., 20 c.c. In two days 
inactive salt only had separated; the solution was evaporated to 
15 cc. The crystallisation at this concentration was very slow : 
lst crop, after six days, 1:02 grams, +24’; 2nd crop, 0°59 gram, 
—3l'. 

Experiment 6.—Zinc lactate, 3 grams, vol., 15 ¢.c. In four days 
there was very little crystalline growth; therefore 3 grams more zinc 
salt were added, and the solution made up with water to19c.c. In 
12 hours there was a considerable deposit of active salt : Ist crop, 
1:37 grams, +24’; 2nd crop, 0:34 gram, in 10 ¢.c., —30’. 

These experiments show that comparatively slight variations in the 
quantity of water which is present have a marked influence on the 
nature and quantity of the salt which crystallises from the solution. 
Dilution beyond a certain limit increases very greatly the quantity of 
inactive salt which separates, concentration beyond a certain limit 
practically stops crystallisation altogether, while at intermediate 
degrees of concentration, both active and inactive salts are deposited, 
but, by the addition of the proper nucleus, both the enantiomorphic 
active salts may be made to crystallise from the solution before the 
inactive salt begins to separate. Thus, when the volume was 15 c.c., 
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crystallisation was extremely slow, and the salt which separated was, 
to a large extent, active. At 22 c.c., crystallisation began at once and 
was abundant, but the salt was inactive; at 20 c.c., the inactive salt 
predominated, especially so when the zinc lactate exceeded 6 grams, 
At concentrations between 15 c.c. and 20 c.c., the crystallisation wag 
fairly rapid, and in its first stages consisted, to a large extent, of active 
salt. 

Ezperiments on the Larger Scale.—In the following experiment, the 
proportion of materials was taken which the experiments just de. 
scribed indicated as the most favourable for the desired crystallisa- 
tion. The quantities used were :—Lactic acid, 200 c.c. (sp. gr. = 1°21); 
zinc lactate, 120 grams; volume of solution, 360.c.c. The lactic acid 
was tested and found to be inactive, both in the form of syrup and 
after it had been diluted to five times its bulk with water and boiled 
during several hours in a flask fitted with a reflux condenser. The 
zinc lactate used was also proved to be inactive. 

The solution having been prepared in the manner already described, 
was divided into two portions, A and B, of 150 c.c. each, and three 
portions, C, D, and E, of 20 c.c. each. To A was added 0°01 gram of 
the dextrogyrate, to B,0°01 gram of the levcgyrate zinc ammonium 
lactate, and to C, 0°01 gram of a mixture of equal parts of the two 
active salts; to D, 0°01 gram was added of the inactive zinc am- 
monium lactate crystallising in radiating groups of elongated prisms 
which had been obtained in a previous experiment, and to E no 
nucleus was added. The crystalline deposits were treated as already 
described, and their activity observed by dissolving 2 grams in water 
and making the solution up to 25 c.c., the length of tube used being 
200 mm. After 12 hours, the solution A gave 7°70 grams of crys- 
talline salt, showing a rotation of +50’, and B gave 3:11 grams, 
showing the rotation of —51’. C had crystallised in exactly the same 
manner as A and B, namely, in isolated, short, microscopic prisms, 
truncated with characteristic terminal domes, but the salt, 1°72 grams 
in weight, was entirely different in its behaviour. While 2 grams of 
the former dissolved readily with slight warming in 25 c.c. of water, 
the solution remaining clear on standing, a solution of the latter, of the 
same strength, could be made only by heating to nearly boiling, and 
it deposited inactive zinc lactate on cooling; the salt remaining in 
solution was inactive. The salt which had crystallised, was, in fact, 
a mixture, in equal quantities, of the two active zinc ammonium 
lactates, which, on the addition of water, formed inactive ammonium 
lactate and the comparatively insoluble inactive zinc lactate. The 
solution D had also crystallised in 12 hours, but in a manner quite 
different from A, B,and C. The deposit consisted of groups of 
radiating prisms, much more elongated in proportion to their thick- 
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ness than the prisms of the active salts; it continued to increase in 
quantity during several days, after which no further growth was per- 
ceptible. The solution was left for more than a month, but none of 
the crystals such as were yielded by A, B, and C were produced. 
2 grams dissolved with difficulty in 25 c.c. of water, and the solution, 
which deposited much inactive zine lactate on cooling, was found to 
be inactive. The salt was a zinc ammonium salt of ordinary lactic 
acid, which was resolved by water into ordinary ammonium and zinc 
lactates. The solution E, to which no nucleus was added, did not 
begin to crystallise till the third day, and the deposit which gradually 
formed was the same inactive salt yielded by the solution D, without 
any admixture of the active salts. It is thus scen that in a solution 
such as that used, inactive zinc ammonium lactate, or either of the 
active salts, can be made to crystallise according to the character of 
the nucleus used. 

In order to obtain some quantity of the active zinc ammonium 
salts, the solutions A and B were treated alternately with nuclei of 
the dextrogyrate and levogyrate salts, and the several crops of 
erystals weighed and examined with the polarimeter. After five 
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crops had been taken from each, the two solutions were mixed and 
20 grams zinc lactate were dissolved in the liquid. A levo- and a 
dextro-gyrate crop having been taken out, another 20 grams of zine 
lactate were added to the mother liquor, and the process of alternate 
crystallisation of the oppositely active salts and addition of fresh zinc 
lactate repeated until seven crops of crystals had been obtained from 
the united liquids. The results are appended (p. 1149), the numbers 
given under @ being the rotation produced in a 200 mm. tube by solu- 
tions containing 8 grams of salt in 100 c.c. 

I found, after some practice in later experiments on a still larger 
scale, that the alternate crystallisation of dextro- and levo-gyrate salt 
could be conducted with the greatest regularity and certainty, the 
activity being usually above 50’. It will be observed in the results 
given above that the signs + and — alternate regularly, except in 
the 10th and 3rd crops. In the former of these cases, a dextrogyrate 
nucleus had been added intentionally, but the apparent irregularity 
of the latter case demands a word of explanation, as it shows that, 
although the active salts, when present in equal quantities, are not 
readily deposited unless a nucleus is added, the crystallisation of one 
of them may begin spontaneously if a large proportion of the other has 
been previously removed. After removal of the first crops, the mother 
liquors were left over night, the intention being that they should be 
heated and sown with the appropriate nuclei inthe morning. A great 
fall of temperature occurred during the night, with the result that heavy 
deposits formed in both cases. It was expected that the activity of 
these deposits would be of the same sign as that of the respective 
first crops, as the solutions had not been filtered clear, and nuclei 
were, therefore, left in them; to produce the third crops, a levo- 
gyrate nucleus was accordingly added to A, and a dextrogyrate one 
to B. On subsequent examinations of the second crops, it was found, 
however, that the signs of activity had become spontaneously re- 
versed, and that the crop from B was only slightly active. The 
irregularity is easily accounted for. In the case of solution A, the 
first crop having been comparatively large, the dextrogyrate salt 
present had been nearly all removed; the further deposition of this 
salt, therefore, soon ceased, and the spontaneous deposition of the 
levogyrate salt occurred. In the case of solution B, the first crop 
was comparatively small; a considerable quantity of the levogyrate 
salt accordingly continued to crystallise, after which the growth of 
the dextrogyrate salt began, the result being that, in this case, the 
deposit was a mixture of the two isomerides in nearly equal quantity. 
In subsequent experiments, with proper precautions, irregularities of 
the kind indicated were readily avoided. The experiment described 
yielded in all 56°08 grams of dextrogyrate and 62°88 grams of levo- 
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gyrate salt, irrespective ofthe crops showing the rotations +8’ and 
—21', which were not mixed with the others. 

Recrystallisation of the Active Zinc Ammonium Lactates.—Some 
difficulty was encountered in recrystallising these salts. They crys- 
tallise readily from a solution containing an excess of ammonium 
lactate, but they cannot be satisfactorily crystallised from water. 
8 parts of the salt dissolve readily in 100 parts of water, the double 
salt being, no doubt, to a large extent decomposed into ammonium 
and zinc lactates; but, as the solution becomes more concentrated by 
evaporation, it deposits, on cooling, active zinc lactate. The solu- 
tion of the crystals in water, and the rapid deposition of the zinc salt 
in the form of needles, is strikingly seen on a slide under the micro- 
scope. When the aqueous solution is evaporated to a syrup, its 
contents solidify rapidly, mostly in the form of the double salt. 

After numerous trials, it was found that the salt could be well 
crystallised by dissolving it in about an equal weight of warm dilute 
ammonia solution. The salt, under these circumstances, does not 
undergo the decomposition produced by pure water, and separates, 
when the solution cools, either spontaneously or on the addition of a 
nucleus, in large, glassy prisms. The inactive zinc ammonium lactate 
also dissolves in solution of ammonia without separation of zinc 
lactate, and the solution deposits an inactive, crystalline, basic salt, 
containing zinc and ammonia. Whena mixture of active and inactive 
zinc ammonium lactates is crystallised as described, either the active 
double salt or the inactive basic salt may crystallise first, according 
as one or the other constituent predominates in the solution. Thus, 
for instance, in the case of one of the crops of double salt referred to 
above, which gave only the rotation —21’ in an 8 per cent. solution, 
by recrystallisation from ammonia, 8 grams of inactive salt were first 
removed, after which, on further standing, 3 grams of active salt 
were obtained from the solution, giving the rotation —57’ under 
similar conditions. On the other hand, in recrystallising the more 
active crops of crystals, it was found that the inactive salt was mostly 
deposited in the later stages of crystallisation. 


Composition and Properties of the Active Zine Ammonium Lactates. 


By recrystallising the 56°08 grams of dextrogyrate salt from am- 
monia solution, three successive crops of crystals were obtained, 
weighing together 32:10 grams, and possessing the same activity. 
In the fourth crop, inactive salt, in the form of groups of radiating 
prisms, could be detected with the lens. 

The three crops were mixed and dried in air, and an exact deter- 
mination of the specific rotation was made, with the following 
result. 


1152 PURDIE: RESOLUTION OF LACTIC ACID 


a = +0°97°; 1 = 200 mm.; c = 7:998; hence 
_ 097 x 100 __ eR? 
[a]>= Ix 7998 +606". 

The 62°88 grams of levogyrate salt gave two crops of crystals, 
weighing together 28°91 grams, and having the same activity; the 
third crop was considerably less active. A second recrystallisation 
of the combined first two crops did not raise the activity. An exact 
determination of the specific rotation gave the following result. 


a = —0°97°; 1 = 200 mm.; c = 80012; hence 
— _997 X 100_ ang 
[lo = — 3x woo1g = ~°%- 
The results of analysis show that these compounds are identical 
with the active zinc ammonium lactates previously obtained from the 
strychnine salts (loc. cit.). 


I, Dextrogyrate salt.—0°635, dried in air, lost 0°0587 in a vacuum, 
and gave 0°1351 ZnO; 2°2920, similarly dried, gave 0°1026 NH;. 
II. Leevogyrate salt.—0°4772, dried in air, lost 0°0435 in a vacuum; 
0°3965 of the anhydrous salt gave 0°092 ZnO; 2°2362 air-dried 

salt gave 0°1004 NH;. 


Found. 
Calculated for ee 


——e 

C,H,,0,ZnNH,,2H,0. I. II. 
9°24 9°12 
17:07 16°92 
4°74 4°75 


The active zinc ammonium lactates crystallise in short prisms or 
plates, exhibiting six, and sometimes eight, prismatic faces and 
prominent terminal domes. The presence of hemihedral faces could 
not be detected with certainty; I hope, however, to obtain the 
crystals sufficiently large and well developed for future exact descrip- 
tion. The salts remain unchanged in weight on exposure to the air, 
but lose their water of crystallisation in a vacuum. As already 
stated, they are decomposed by water into their constituent simple 
salts. 

When equal quantities of the two salts are mixed together in 
aqueous solution, inactive zinc lactate is precipitated. 5 c.c. each of 
8 per cent. solutions of the dextrogyrate and levogyrate solutions 
were mixed; the resulting solution remained clear, but, after a few 
minutes, a turbidity was perceptible, and in a short time a heavy, 
crystalline deposit had formed. An estimation of zinc in the crystal- 
line substance, dried in folds of filter paper, gave 22°02 per cent., the 
calculated number for crystallised inactive zinc lactate being 21°89. 
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With respect to the specific rotation of the active zinc ammonium 
lactates, the highest number found for the dextrogyrate salt obtained 
by crystallising the strychnine salts (loc. cit.) was +6°49 for a con- 
centration approximating to that used in the present instance. The 
difference between this number and those quoted above is greater than 
can be accounted for by errors of experiment, and indicated that the 
salts prepared by the method here described were not pure. Some 
of the active double salt was, therefore, made from the active zinc 
lactate subsequently procured, the purity of which had been proved 
by polarimetric observations and by analysis. The levogyrate zinc 
lactate-was dissolved in water; half of the solution was decomposed 
with sulphuretted hydrogen and filtered; the filtrate, having been 
neutralised with ammonia, was added to the other half of the solution, 
and the united liquids were then evaporated to a syrup, from which 
the double salt crystallised on standing. The following is the result 
of a determination of the specific rotation of the air-dried salt. 


a = —1:03°; 1 = 200 mm.; c = 8000; hence 


_ 208 x 100 gaa 
commas: <4 (aimiiatd. 


a number which agrees with that found for the purest specimen of the 
dextrogyrate salt prepared by the strychnine method. It is true that 
the zinc lactate prepared from the latter gave a rather low rotation 
(loc. cit.), but I am inclined to attribute this to error of experiment 
caused by the small quantity of material then at my disposal. 


Conversion of the Active Zinc Ammonium Lactates into Zinc Lactates. 


To obtain the zinc lactates, the zinc was removed from the double 
salts by means of sulphuretted hydrogen, and the ammonia was then 
driven off by boiling the filtered liquids with milk of lime ; on treat- 
ing the filtered solution of the calcium salt with the calculated 
quantity of sulphuric acid, and subsequently filtering and evaporating, 
a syrup was obtained which was repeatedly extracted with ether. 
The acid left on evaporation of the ethereal extract was converted into 
zine salt by boiling with water and zinc oxide; the zinc lactate which 
crystallised from the filtered and evaporated solutions on cooling was 
analysed and submitted to polarimetric examination. 

In the case of the dextrogyrate zinc ammonium lactate, 25 grams 
of the salt had been used for conversion. The first crop of zinc 
lactate, amounting to 12 grams, proved to be nearly pure active salt, 
It was recrystallised and gave a crop of 8 grams of the pure salt. 
The polarimetric observations made on the hydrated salt, dried in air, 
are as follows. 
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Ist crop: a = +0°98°; 2 = 200 mm.; c = 7°4665; hence 
_ 9°98 + 190 _ ge 
[*]> = 2 74605 ~ +996. 
Ist crop, recrystallised: 2 = +1°02°; 1 = 200 mm.; c = 7°484; 
__1:02 x 100 
_— el =o x 7484 

Wislicenus (Annalen, 16'7, 332) found the specific rotation of zinc 
sarcolactate for similar concentration (c = 7°47) to be —6°83. 

Of the levogyrate zinc ammonium lactate, 22 grams were used for 
conversion into zinc lactate. The first crop of crystals which sepa- 
rated from the solution, weighing 13-9 grams, dried at 105°, consisted 
of practically pure active salt. Determinations of specific rotation 
were made both on the anhydrous and hydrated salt, the latter being 
obtained by recrystallisation of the first crop. The results are as 
follows. 


I. Anhydrous salt: # = —0°99°; 1 = 200 mm.; c = 63956; 


_ 0:99 x 100 
2 x 63956 


= +6°81°. 


hence [a]p = = —774. 


II. Hydrated salt: a = —1:02°; 7 = 200 mm.; c = 7°4685; 


1:02 x 100 ° 
“x tan >: 

These numbers are also in accordance with those found by Wis- 
licenus for similar concentrations, namely, for the anhydrous salt, 
—7°83 (c = 6°51), and for the hydrated salt, —6°83 (¢ = 7°47). 

The purity of the salts is further confirmed by the results of 
analysis. 


hence [a]p = 


I. Dextrogyrate salt. 0°5662 of the recrystallised 1st crop, dried 
in air, lost, at 105°, 0°0727 and gave 0°165 ZnO. 
II. Levogyrate salt. 0°5980 of the recrystallised lst crop, dried ia 
air, lost, at 105°, 0°0768 and gave 0°1735 ZnO. 


Calculated for ooo 
C.H,)0,Zn,2H,0. I 


1284 1284 
23°39 23°28 
The inactive zinc lactate used in the experiments was also analysed. 


0°5599 of the crystallised salt lost, at 105°, 0°1010 and yielded 
0°1548 ZnO. H,O = 18°04; Zn = 22:19. 
C,HO0;Zn,3H,0 requires H,O = 18:18; Zn = 21°89 per cent. 


Inactive Zinc Ammonium Lactate.—It has been stated that a solu- 
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tion used in one of the preliminary experiments, from which a small 
quantity of active zinc ammonium lactate had been obtained, de- 
posited afterwards on standing a larger quantity (84 grams) of an 
inactive salt crystallising in radiating groups of prisms which were 
more elongated than those of the active salt. It contained ammonia, 
and an estimation of zinc in the substance, freed from adhering syrup 
by means of alcohol and dried in folds of filter paper, gave the number 
16°33 per cent. Estimations of zinc and of ammonium in another 
specimen, similarly obtained, gave the numbers 16:10 per cent. and 
435 per cent. respectively ; the corresponding calculated numbers 
for a zinc ammonium lactate with 3 mols. H,O are 16°09 and 4°46. 
It was found, however, that on further washing the salt with alcohol, 
the percentage of zinc in it was increased to 16°85, which accords 
with the composition of a zinc ammonium lactate containing 2 mols. 
H,0, namely, 16°84 per cent. Further examination showed, in fact, 
that the salt undergoes decomposition when left long in contact with 
alcohol. When the salt is repeatedly washed on a filter and the 
alcoholic filtrate evaporated, the latter leaves a syrup of ammonium 
lactate; when put into absolute alcohol, the sait gradually dissolves, 
and the solution eventually deposits a gelatinous substance, no doubt 
anhydrous zinc lactate. 

The same inactive zinc ammonium lactate was also produced in the 
solutions designated D and E (p. 1149). The substance in question 
is, no doubt, the racemoid compound of the active zinc ammonium 
lactates, of which analyses have been given, and as it was desirable 
to establish its composition with more certainty than the analytical 
numbers quoted above afford, some of the salt was specially prepared 
for the purpose. It is readily procured by using the proportion of 
materials which has been already indicated as most favourable for 
the crystallisation of the active salts, namely, lactic acid syrup 
10 c.c., zinc lactate 6 grams, volume of solution 18 c.c. If no nucleus 
of active salt is added, the inactive salt in question crystallises spon- 
taneously. If so much water is added that the volume of the solu- 
tion much exceeds 20 c.c., zinc lactate is apt to be formed instead of 
the double salt. In one instance, in which the proportion of water 
only a little exceeded 20 c.c., it was found, on analysis of the crystal- 
line deposit, that it consisted of pure zinc lactate. For the purpose 
of analysis, the double salt was thoroughly drained from syrup, very 
slightly washed with alcohol, and quickly dried in folds of filter paper. 


0°4845 lost in a vacuum 0°0650 gram. H,O = 13°42. 
0°5688 gave 0°1141 ZnO, and 1:1442 gave 0°0477 NH;. Zn = 16°10; 
NH, = 4°42. 
Calculated for C,H,;0,ZnNH,,2H,0, H,O = 13°37; Zn 
NH, = 4°46 per cent. 
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The active and inactive zinc ammonium lactates therefore differ in 
composition, the former crystallising with 2 mols. H,O, the latter 
with 3 mols. H,0. 

There is also a well-marked difference in the properties of the salts. 
The difference in crystalline habit has been already mentioned. The 
active salts undergo no change when exposed to the air, but the 
’ inactive salt deliquesces, and undergoes decomposition. The former 
also presents more resistance to the action of alcohol than the latter. 
The active salts can be crystallised unchanged from dilute ammonia, 
The inactive salt dissolves in dilute ammonia, like the active salt, 
but the solution, on standing, deposits a salt in the form of small, 
transparent prisms which analysis showed to be quite different in 
composition from the zinc ammonium lactates ; it contains ammonia, 
but deposits zinc oxide when dissolved in water, and estimations of 
zinc in different preparations of the salt, in the air-dried condition, gave 
21°88 and 22°04 per cent., numbers which differ widely from the per- 
centage of zinc in the double salts referred to, and accord with the 
composition of a substance of the formula Zn(C;H;0;).,NH;,2H,0, 
in which the water of zinc lactate is partially replaced by ammonia. 
The salt is probably related to the salts prepared by Lutschak (Ber., 5, 
30) by passing ammonia gas over anhydrous zinc lactate, to which the 
formule (C;H;0;).Zn,2NH; and (C;H,O;),Zn,3N H; are assigned. My 
estimations of water and ammonia, however, were not very concordant, 
and the salt will have to-be further examined. The same crystalline 
salt as that referred to is apparently produced when equal quantities 
of the oppositely active zinc ammonium lactates are dissolved in 
ammonia, and when inactive zinc lactate is similarly treated. 

The experiments which have been described afford no direct in- 
formation regarding the so-called “point of transition” of the 
racemoid and active zinc ammonium lactates, such as is known to 
exist in the case of the racemates and tartrates. From the fact, 
however, that at the ordinary temperature the inactive zinc ammo- 
nium lactate is deposited spontaneously from the solution, and in 
much larger quantity than the active salts, it seems probable that the 
racemoid is the stable form at low temperatures, and that the active 
salts are formed when the solution is heated, a certain proportion of 
the latter still remaining in a state of supersaturation in the solution 
when it has cooled below the point of transition. I propose to 
continue the study of the resolution of lactic acid by crystallisation of 
its salts in the hope of throwing further light on this subject. 

In working up the residual solutions used in the course of this in- 
vestigation, I find that by the process described, that is to say, by 
alternate crystallisation of the oppositely active zinc ammonium 
lactates and fresh addition of inactive zinc lactate to the exhausted 
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mother liquors, it is easy to obtain larger yields of the. active salts 
than those mentioned. It. has been shown that salts containing 94 
er cent. of active substance can be obtained by recrystallisation of the 
double salts, and that, by further crystallisation of the active zinc 
lactates prepared from these, the inactive salt can be eliminated. 
The method seems, therefore, applicable for procuring the active 
lactic acids on the large scale, and I propose to make use of it for 
the preparation of some of the derivatives of these acids, a study of 
which will be of interest in connection with the subject of the rela- 
tion of optical activity to chemical composition. 


United College of St. Salvator and St. Leonard, 
University of St. Andrews. 


LXXXVII.—The Colouring Principles of Rubia sikkimensis: 


By A. G. Perkin and J. J. HuMMEt., 


Tus Indian dye-stuff is closely allied botanically to Rubia cordifolia 
(R. mungista) ; the dried root, which has a rough, fluted appearance, 
is covered with a thick, powdery layer of a grey pith-like substance, 
and looks altogether different from the round, smooth, straight 
roots of R. cordifolia. It occurs, along with the allied species above 
mentioned, in Sikkim and eastward to the Khasia and Naga Hills, 
where it is perhaps the most common, as it is certainly the largest 
and most handsome, species. Although the root has long been col- 
lected and sold in the bazaars at Darjeeling, the plant was not named 
or even known to exist prior to 1874, having escaped the attention 
of botanists, who appear to have mistaken it for R. cordifolia. 

The Lepchas of Sikkim do not appear to know that R. sikkimensis 
yields the madder dye, but in the Naga Hills and in Manipur this 
species alone supplies the brilliant red dye used by the hill tribes 
(see “ Dyes and Tans of India,” p. 154, “‘ Special Catalogue of Exhibits 
by the Government of India, Colonial and Indian Exhibition, 1886 ”’). 
Our experiments showed that its dyeing properties were generally 
very similar indeed to those of R. cordifolia. The small sample of 
root submitted to examination was obtained from Dr. George Waitt, 
C.LE., &e., in charge of the Economic Court of the Indian Section 
of the Exhibition, and to. him we now express our best thanks for 
his kindness. 

Preliminary experiments showed that the colouring principles 
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could not be extracted from the root with boiling alcohol, as is the 
case with madder root, and recourse was therefore had to boiling 
alum solution, an agent employed by Stenhouse (Annalen, 130, 325, 
also Proc. Roy. Soc., 12, 633, and 13, 145) in his investigation of 
Rubia mungista (R. cordifolia). 

The ground root (320 grams) was boiled with 10 times its weight 
of a l per cent. solution of alum, the operation being repeated until 
no more colouring matter was extracted, and the extracts acidified 
with sulphuric acid; a small quantity of a crystalline precipitate was 
deposited from the hot, fluorescent, rose-coloured extracts, a further 
quantity of red flocks separating during cooling. These precipitates 
were collected, well washed, and dissolved in very dilute caustic 
soda, and the solution filtered to remove a trace of insoluble matter. 
On adding baryta water to the dark red alkaline solution, a red pre- 
cipilate was produced, which was collected and well washed, the 
filtrate, A, being set aside for an examination to which reference will 
be made later on. 

The barium lake was now mixed with hydrochloric acid, and the 
dull red, insoluble residue dried and purified by extraction with 
toluene, the dissolved substances being finally removed from. the 
toluene by treating it with dilute caustic soda. On neutralising the 
alkaline solution with acid, 1°8 grams of a bright red, semicrystalline 
mass was obtained corresponding to 0°56 per cent. on the weight of 
root employed. 

In order to separate the various constituents of this product, it was 
extracted about 10 times with boiling very dilute acetic acid, and the 
dark red residue was crystallised from alcohol; it readily separated 
in the form of red needles, melting at 253°, and becoming partially 
carbonised on sublimation. On analysis: 

0°0975 gave 0°2320 CO, and 0°0312 H,O. C = 65°23; H = 3°57. 

C,,H,O; requires C = 65°62; H = 3:12 per cent. 

The substance had all the properties of purpurin; it was at once 
obtained by the above method in a beautifully crystalline, pure con- 
dition, sublimation being unnecessary. 

Each of the several acetic acid extracts was mixed with hydro- 
chloric acid, and the yellowish-red, flocculent deposit from each por- 
tion was separately examined ; three substances were readily isolated. 
One of these, contained only in the earlier acetic acid extracts, was 
separated by crystallising from alcohol in the form of glistening, 
orange-coloured leaflets. On analysis : 

0°0879 gave 0°2080 CO, and 0°0255 H,0. C = 63:23; H = 3:15. 

C,;H,O, requires C = 63°38; H = 2°81 per cent. 


This substance melted at 231°, and was found to have all the proper- 
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ties of the munjistin obtained by Stenhouse (Annalen, 130, 325) 
from Rubia mungista, and subsequently shown by Schunck and 
Roemer to be identical with purpuroxanthincarboxylic acid (Ber., 
10, 171, 790). 

It is interesting to note that munjistin was only found in the 
earlier alum extracts of the root, none whatever being found in the 
later extracts, and, as above stated, it is also only present in the 
earlier acetic acid extracts of the crude colouring matter obtained 
from the barium lake. 

The later acetic acid extracts of the crude colouring matter con- 
tained two substances, which were separated by fractional crystal- 
lisation from alcohol, the less soluble being readily recognised as 
purpurin. The more soluble substance was obtained in the form of 
scarlet, glistening needles closely resembling purpurin in appearance, 
but melting at the much lower temperature of 201°. On analysis : 


0°0550 gave 0°1281 CO, and 0°0162 H,O. C = 635; H = 3:27. 
C,sH,O, requires C = 63°38; H = 2°81 per cent. 


Alkalis dissolved it forming a red solution, and it dyed mordanted 
calico shades somewhat similar to those produced by purpurin. The 
very minute quantity of this substance present in Rubia sikkimensis, 
and the small quantity of the root at our disposal, rendered any 
attempt to determine its constitution impossible. That it can 
scarcely be regarded as an impure purpurin is shown by its subsc- 
quent isolation from Rubia mungista (see later), and as this root is 
readily obtainable, we hope by the extraction of large quantities to 
procure sufficient for a thorough investigation. 


The orange-red alkaline filtrate, A, obtained during precipitation 
of the crude colouring matters with baryta water, when neutralised 
with hydrochloric acid, deposited a small quantity of dirty yellow 
flocks. After purification with toluene, &c., in a manner similar to 
that adopted in the case of the crude colouring matters above 
referred to, we obtained 0°1662 gram of a pale yellow mass, corre- 
sponding to 0°052 per cent. of the weight of root employed. Under 
the microscope, it appeared to consist chiefly of minute needles, but 
traces of an amorphous substance were also present. When care- 
fully heated between watch glasses, a beautiful crystalline sublimate 
was obtained melting at 262—263°; it dissolved in alkalis forming a 
red solution, and is evidently identical with purpuroxanthin. The 
large proportion of this sublimate obtainable from the yellow 
product makes it probable that the latter itself consists essentially 
of purpuroxanthin, and it is possible that some of it has its origin in 
the decomposition of the munjistin during its extraction and purifica- 

VOL. LXIII. 4k 
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tion. Jts occurrence, however, cannot wholly be accounted for in 
this manner, as the total amount of purpuroxanthin isolated, which 
is equal to about 20 per cent. on the weight of munjistin obtained, 
seems to us to be too large for this, and we have no doubt that it is 
present to a small extent in the root as such. In further support of 
this view is the fact that from the analogous yellow substances in 
munjeet only a trace of purpuroxanthin was obtained, although all 
the operations were conducted in a precisely similar manner. 


In order to identify the purpurin and munjistin obtained from 
Rubia sikkimensis, munjeet was extracted in the manner described, 
and with excellent results. 

In addition to the munjistin and purpurin, a scarlet, crystalline 
product was obtained in small quantity, melting at 202°, and 
apparently identical with the substance C,;H,O, above described. 

Munjeet also afforded 0°04 per cent. of a yellow product, which on 
heating yielded only a very small crystalline sublimate melting at 
262—263°, which was recognised as purpuroxanthin. 

The general results of our examination show that Rubia mungista 
(R. cordifolia) and R. sikkimensis are very nearly identical as regards 
their colouring principles, a fact which is consistent with their close 
botanical relationship. 


Clothworkers’ Research Laboratory, 
Dyeing Department, 
Yorkshire College, Leeds. 


LXXXVIII.—The Colouring and other Principles contained in Chay 
Root. 


By A. G. Parxin and J. J. HuMMEL. 


Tus Indian dye-stuff first attracted our special attention during the 
Colonial and Indian Exhibition held in London in 1886. A small 
sample was then obtained from Dr. George Watt, who had charge of 
the Economic Court, and preliminary dyeing experiments seemed to 
show that it might be well worth a detailed chemical examination. 
Ultimately larger samples were obtained from India, partly though 
the kindness of Mr. W. Reid, Bombay, the late Mr. R. O. Campbell 
and Messrs. Binny and Co., Madras, to whom our thanks are due. 
Chay root or Chayaver (from chaya = which fixes colours, and ter 
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= root), also called Indian madder, is the root of Oldenlandia wm- 
bellata, Linn., Rubiacee. It bears the following Indian vernacular 
names: turbuli (Bengali); cheri-vello (Telugu); ché or chay, saya- 
wer, imburel (Tamil). The plant is a small bush or herb found 
on sandy soils, chiefly near the sea-coast. It occurs in North 
Barmah and Ceylon, but is most abundant in certain tracts of the 
Madras Presidency, from Orissa southward. It does not appear to be 
used in Bengal, but on the Malabar and Coromandel coasts, especially 
the latter, it is extensively cultivated, and employed in dyeing a 
colour analogous to Turkey-red. The chief market is Madras, where 
it is sold in small bundles at about 4d.alb. The roots are usually 
about 10—12 ins. long and 3 in. thick, somewhat straight and 
stiff, tough and wiry, and with few or no lateral fibres. When 
freshly gathered, they have an orange colour; but when dried 
and kept, they assume a yellowish-grey hue. Boiling water gives 
merely a pale yellow extract, but if alkali is added, a blood-red 
decoction is soon obtained. The colouring principles seem to reside 
chiefly, if not entirely, in the bark of the root. 

The literature connected with chay root is extremely meagre, and is 
for the most part contained in the following publications : Philosophy 
of Permanent Colours, 2, 282 (1813), Bancroft; Bulletin de la Société 
industrielle de Mulhouse, 5, 302 (1832), E. Schwartz and D. Koechlin ; 
DL’ Art dela Teinture des Laines, 475 (1849), Gonfreville. Quantities of 
the root were imported into Europe in 1774 and at later periods, and 
its dyeing properties were examined by the above-mentioned experts. 
It met with little practical success, however, as it was not found to 
possess any advantage over madder ; indeed, it was considered to have 
but one-half or even a fourth of the colouring power of madder; 
further, it was found to contain certain undefined yellow substances of 
an acid character, which interfered somewhat with its dyeing power. 
Still it was recognised as a good dye-stuff, giving the usual madder 
colours, and equally fast to soap. It is evident that the yellow 
substances referred to are not the same as those described by us in 
this paper, as Schwartz states that they were present in larger 
quantity in “‘nona” (Morinda citrifolia) than in chay root, whereas 
our yellow substances exist in much larger quantity in chay root than 
in morinda root. Very probably they refer to Rochleder’s “ rubi- 
chloric acid,” as this is contained in morinda root in larger amount 
than in chay root. Schiitzenberger, in his Traité des Matiéres colorantes, 
2, 291 (1867), states that he found chay root to contain alizarin and 
chlorogenin, and that it was easy to exhaust the root by extraction 
with alcohol. His method of identifying these compounds is not 
given, and his examination can only have been of a very cursory 
character, since he had but a small quantity of the root at his disposal, 
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and he adds that the chemical history and immediate analysis of this 
root has still to be made. 


In many respects chay root resembles madder, as both contain 
ruberythric acid, alizarin, rubichloric acid, and cane sugar, but there 
are very marked differences in the nature of the other constituents of 
the two roots. Madder, as is well known, contains purpurin, pur- 
purin- and purpuroxanthin-carboxylic acids, &c., and but traces of 
yellow, crystalline substances, forming barium compounds soluble in 
water, which have not been at all fully investigated. In chay root, 
the former substances are entirely absent, but, on the other hand, 
although the root contains considerable quantities of yellow, crystal- 
line substances, they appear to be distinct from those contained in 
madder. 

At present, 12 distinct products have been isolated from chay root 
by treating it either with an aqueous solution of sulphurous acid, or 
with lime-water, alcohol, and other solvents. 

Extraction of Chay Root with Sulphurous acid.—With a slight 
modification, this process is identical with Kopp’s (Auerbach’s 
Anthracen, 197, 1877), which is still used in preparing madder 
extracts. Chay root, when thus treated, yielded a product contain- 
ing chlororubin (Rochleder, J. pr. Chem., 55, 385), alizarin, three 
yellow, crystalline substances, respectively represented by the formule 
Cy¢6H,205, Cy¢H,20;, CisH,O,, and a resinous substance. 

Alizarin was readily obtained in a state of purity owing to the 
absence of allied colouring matters such as purpurin, and there can be 
no doubt that, for this reason, chay root is by far the best known 
natural material for preparing pure alizarin in quantity. 

The methods employed in separating the mixed yellow substances 
above mentioned were based on the difference in their solubilities 
and of that of their salts in alcohol, and they are here described in tke 
-order of their solubilities, commencing with the least soluble. 

Substance A, represented by the formula C,.H,,0;, is obtained by 
crystallisation from alcohol in fine, yellow needles which melt at 209°, 
and yield a slight sublimate at higher temperatures. It forms an 
ammonium salt which erystallises in scariet prisms and decomposes 
on exposure to air, and an amorphous barium salt which is sparingly 
soluble in dilute alcohol. By acetic anhydride, it is converted into a 
monacetyl derivative, which crystallises in pale yellow prisms, and 
melts at 213—215°. Nitric acid oxidises it, with formation of phthalic 
acid, and, on distillation with zinc-dust, it yields anthracene; whilst 
with zinc-dust in alkaline solution, it behaves as an anthraquinone 
compound. When heated with sulphuric acid at 180°, it yields a 
colouring matter of the formula C,,H,O;, which crystallises from nitro- 
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benzene in orange-red needles melting at 312—313°, and dissolves in 
strong alkalis, forming a green liquid. This substance proved to 
be anthragallol, its identity with the latter being proved by com- 
parison of the two substances and of their acetyl derivatives; the 
melting point of triacetylanthragallol given by Seuberlich (Ber., 10, 
39) was found to be incorrect, and should be 181—182°. Treat- 
ment with hydriodic acid in Zeisel’s apparatus showed that the 
substance of the formula C,.H,,0; contained two methoxy-groups, 
and it is therefore evident that it is an anthragallol dimethyl ether. 
This fact is of special interest, derivatives of anthragallol, up to 
the present, not being known to exist in nature. When this 
anthragallol dimethyl ether is heated with either sulphuric acid or 
hydrochloric acid at 150°, or fused with potash until a blue melt 
is obtained, it yields a colouring matter of the formula C,;H,,O;, 
which crystallises from dilute alcohol in orange-red needles, and 
dissolves in strong alkalis, producing a pure blue liquid ; it is readily 
converted into anthragallol by treatment with sulphuric acid at 180°, 
and is evidently a monomethy! anthragallol ether. The methyl ethers 
of anthragallol have not yet been prepared, but the ethyl ethers 
have been investigated by Liebermann and Jellinek (Ber., 21, 1169). 
The monomethyl ether of anthragallol obtained by us has many 
properties in common with the ethyl ether [OH : OH: OC.H; = 
1:2:3 or 3: 2:1], and, therefore, is probably of a similar constitr 
tion. 

Substance B of the formula C,,H;.0; is readily separated from the 
isomeric substance A, owing to the greater solubility of its salts. It 
crystallises in yellow leaflets melting at 225—-227°, and subliming with 
difficulty. Nitric acid attacks it, forming phthalic acid, and when 
heated with zinc-dust, it yields anthracene ; from its behaviour with 
alkaline reducing agents, it is evidently an anthraquinone derivative. 
Treatment with hydriodic acid in Zeisel’s apparatus showed that it 
contained two methoxy-groups; it was converted by acetic anhydride 
into a monacetyl derivative, melting at 175°, and crystallising from 
alcohol in long, yellow needles. Hydrochloric acid at 150°, and 
sulphuric acid at the same temperature, both converted it into a 
colouring matter of the formula C,,H;O;, identical with anthragallo). 
The substance B of the formula C,.H,.0; is, therefore, a second di- 
methyl ether of anthragallol. It is our intention to study the various 
methyl ethers of anthragallol with the view of artificially preparing 
the substances which we have isolated from chay root. 

Substance C, the third of the yellow substances from chay root, 
has the formula C,;H,.O,, and melts at 178—179°. It crystallises 
from dilute methyl alcohol in long, orange-coloured needles contain- 
ing 1H,0, but on standing over sulphuric acid these become opaque, 
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losing their water of crystallisation. It forms a beautiful ammonium 
salt crystallising in red needles, but this is decomposed on exposure to 
the air, although somewhat less readily than the corresponding salt 
of the anthragallol dimethyl ether previously described. Continued 
boiling of an aqueous solution of the barium salt gradually converts it 
into barium alizarate; alizarin can also be produced from the sub- 
stance by the action of fused potash or of sulphuric or hydrochloric 
acid at 150°, The small amount of pure product obtainable did not 
allow of an examination of its behaviour with heated zinc-dust, but 
it is without doubt an anthraquinone derivative. A study of its 
behaviour with hydriodic acid in Zeisel’s apparatus showed it to 
contain one methoxy-group, and it seems evident that it is a mono- 
methyl ether of alizarin. By means of acetic anhydride, it was con- 
verted into a monacetyl derivative, crystallising from alcohol in 
yellow needles melting at 209—210°. Of the two possible mono- 
methyl ethers of alizarin, one has been prepared by Schunk 
(Chem. News, 2'7, 171), but as this does not appear to be identical 
with the monomethyl ether of alizarin here described, we intend to 
investigate this subject in the hope of obtaining our substance arti- 
ficially. 

Substance D, the fourth constituent of the mixture of yellow com- 
pounds from chay root, appears to be of a resinous nature, but as the 
quantity obtainable was very small, we are not yet satisfied as to its 
purity. It is obtained as a reddish-orange, amorphous powder, form- 
ing a barium salt insoluble in dilute alcohol. By treatment with 
sulphuric acid at 150°, it is converted into a colouring matter which 
appears to be alizarin, and the substance D may therefore, perhaps, 
contain Schunk’s alizarin methyl ether (loc. cit.). It is hoped that 
when larger quantities of raw material are at our disposal it will be 
possible to determine the constitution of this substance. 

Extraction of Chay Root with boiling Lime Water.—From chay root 
which has been already treated with an aqueous solution of sulph- 
urous acid as described above, boiling lime water extracts a further 
quantity of a yellow substance, which in this case is naturally free 
from alizarin. The product thus obtained consists principally of 
three substances, among which only one of those previously described 
was present, namely, the anthragallol dimethyl ether melting at 
225-—227°, a circumstance which, however, is readily accounted for, 
as the anthragallol dimethyl ether melting at 209° and the resin are 
retained in the root in the form of calcium compounds insoluble in 
lime water; moreover, by this treatment the alizarin methyl] ether is 
converted into calcium alizarate. The dimethylanthragallol B was 
readily isolated from the mixture, owing to the fact that it is less 
soluble in alcohol than the other constituents. 


AND OTHER PRINCIPLES CONTAINED IN CHAY ROOT, 1165 


The second substance present in this mixture had the formula 
C,,H,O;, and was found on examination to be identical with meta- 
hydroxyanthraquinone. It crystallised from cumene in pale yellow 
needles which melted at 301—302°, and when sublimed became 
slightly carbonised. By treatment with sulphuric or hydrochloric 
acid at high temperatures, no colouring matter was obtained, but 
fusion with potash at 180° converted it into alizarin. Its nature was 
further established by the production of its acetyl derivative, which 
was obtained in nearly colourless needles melting at 157°. 

The absence of this substance from the sulphurous acid extract of 
chay root, and its presence in the lime water extract only, threw some 
doubt on its existence as such in the root, and pointed to the possi- 
bility of its formation from some other constituent by the action of 
the lime water. From the substances previously described here, no 
metahydroxyanthraquinone could be produced in this way, but it was 
found that when ruberythric acid was boiled with lime water, it 
yielded besides alizarin a small quantity of a mixture of yellow sub- 
stances, the calcium salts of which dissolved in water forming a red 
liquid, and among which it is possible that metahydroxyanthraquinone 
may exist. 

On the other hand, the presence of a second substance in conjunc- 
tion with metahydroxyanthraquinone, also extracted only by lime 
water, and described below, somewhat favours the view that meta- 
hydroxyanthraquinone is contained in the woody portion of the root, 
which, owing to its compact nature, would only with difficulty be 
permeated by the sulphurous acid, but from which these substances 
would be more readily removed in the form of soluble lime com- 
pounds. In support of this explanation, though examination of the 
root after thorough extraction with sulphurous acid showed the 
almost entire absence of colouring matter in it, yet when extracted 
with lime water, metahydroxyanthraquinone was obtained from it. 

The third yellow substance accompanying metahydroxyanthra- 
quinone is only obtained from the root in very minute quantity, and 
sufficient has not yet been isolated to permit of a determination of its 
composition. It crystallises from acetic acid in stellate groups of 
very fine needles melting at 141—142°, and when heated with 
sulphuric acid yields alizarin. This substance will be further in- 
vestigated. 

Extraction of Chay Root with Alcohol_—Three yellow substances 
were obtained from chay root by this method, besides ruberythric 
acid, free alizarin, cane sugar, a wax, and rubichloric acid. 

The three yellow substances were identified with the two anthra- 
gallol dimethyl ethers and the alizarin methyl ether previously 
described as obtained from the root by extraction with sulphurous 
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acid, from which it appears that their glucosides, if such exist, are 
only present in the fresh gathered root, they being absent from the 
sample examined by us. No metahydroxyanthraquinone could be 
found in the extracts, though it was readily obtained by means of 
lime water from the root which had already been extracted with 
alcohol. 

The ruberythric acid was found to be identical with that obtained 
from madder. 

The waz is a colourless substance of the formula (C;oH\,0),, melting 
at 87—88°, and sparingly soluble in alcohol, from which it crystal- 
lises in fine needles. A minute trace of a second wax is also present 
in the root; it melts at 80°, and is more soluble in alcohol, but could 
not be obtained in a crysialline condition. 

Rubichloric acid (Rochleder, J. pr. Chem., 55, 385) was obtained 
in the form of a brown, syrupy mass, which, when boiled with dilute 
acids, yielded an abundant green precipitate of chlororubin. It ap- 
peared to be identical with that described by Rochleder (Joc. cit.). 
Experiments were carried out in this laboratory by Mr. E. Vervloesem 
with the object of preparing ruberythric acid from chay root by 
Schunk’s method (Annalen, 66, 176) and by Rochleder’s (Annalen, 
80, 324), but without success, owing to the peculiar nature of the 
root. Subsequently, by means of alcohol, he obtained cane sugar and 
ruberythric acid, and our thanks are due to him for the use of some 
details of his method when we were preparing these two substances. 

The extraction of yellow substances from madder by means of an 
aqueous solution of sulphurous acid is also described in this paper, the 
mixture of products so obtained being probably identical with that 
examined by Rochleder (Ber., 3, 292). It was found that but 0-088 
per cent. of yellow substances could be extracted from madder by 
this means, and that none of the corresponding chay root products 
are present. 

Similar results were obtained by an examination of morinda root, 
which contains 0°02 per cent. of yellow substances. Incidentally it 
was found that by extraction with sulphurous acid, pure morindone 
can readily be prepared in quantity; an analysis of this substance 
corroborated the formula C,;H,»O; recently found by Thorpe and 
Smith (Trans., 1888, 53, 174). 

A preliminary examination of the Javanese root “ wongkoudu” 
has shown that this material contains alizarin, rubichloric acid, and 
yellow substances, and a quantity is being obtained for us for thorough 
investigation. 
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Extraction of Chay Root with an Aqueous Solution of Sulphurous 
acid. 


Ground chay root was macerated in large stone jars with 10 times 
its weight of an aqueous solution of sulphurous acid, the mass being 
occasionally stirred. The yellowish-brown liquor was then decanted, 
and the residue, having been mixed with water and pressed, was again 
digested with sulphurous acid and finally reserved for further ex- 
amination. 

In order to test for the presence of purpurin, the sulphurous acid 
liquor was heated at 60° during two hours. After standing for 
several hours, no precipitate of purpurin was obtained, and under 
these circumstances it appeared that this substance was absent from 
the chay root. To be certain of this fact, exactly parallel experiments 
were made with madder and chay root, the result being that the 
sulphurous acid extract of the former yielded a copious precipitate of 
purpurin, whereas the solution of the latter gave no precipitate. An 
examination of chay root by the alum method also proved the absence 
of purpurin. 

To the sulphurous acid extract of the chay root, 3 per cent. 
(reckoned on the weight of chay root employed) of sulphuric acid was 
then added and the whole heated to boiling point. As the temperature 
rose, the liquid gradually darkened, and after boiling for three hours, 
a considerable quantity of a dark green, almost black, flocculent 
matter had separated, a further amount being deposited on cooling. 
This was collected, washed with water, drained upon a porous tile, 
and extracted with boiling toluene until the extracts were colour- 
less. The insoluble, dark green precipitate was found to be similar 
to the chlororubin obtained from madder by Schunk (Annalen, 66, 
176) and by Rochleder (J. pr. Chem., 55, 385). 

The pale yellow toluene solution while still hot was mixed with 
twice its bulk of boiling dilute caustic soda, and the violet-coloured 
alkaline solution separated from the toluene, the latter being pre- 
served for use in extracting similar material. The addition of baryta 
water to the blue-violet solution caused the precipitation of violet 
flocks, which were collected, well washed to remove soluble barium 
compounds, and finally boiled several times with water to extract the 
last traces of them. The violet precipitate was then suspended in 
boiling water and mixed with hydrochloric acid, the orange-coloured 
product being collected, and after washing and drying, purified by 
crystallisation from cumene with the aid of animal charcoal. 


0°1074 gave 0°2759 CO, and 0:0323 H.O. C = 70°06; H = 3°34. 
C,,H,O, requires C = 70:00; H = 3°33 per cent. 
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The substance thus obtained consisted of beautiful, long, red 
needles melting at 280°, and having all.the properties of alizarin. 

The blood-red filtrate from the barium alizarate, while still hot, 
was neutralised with hydrochloric acid; the turbid, orange-coloured 
liquid gradually deposited reddish, resinous drops, and when quite cold, 
a quantity of a lemon-yellow coloured precipitate separated ; this, as 
stated in the introduction, was found to consist principally of four 
distinct substances, which were separated from each other by the 
following method. 


Examination of Substance A of the Formula C,.H,,0;, m. p. 209°. 


The yellow mass was mixed with just sufficient boiling alcohol to 
dissolve it; on cooling, the liquid deposited a semicrystalline mass, 
which was collected, rinsed several times with small quantities of 
alcohol, pressed, and recrystallised two or three times from the same 
solvent. It then appeared as a pale yellow mass of hair-like needles 
interspersed with a small quantity of thin plates, and as the latter 
could only be removed with difficulty by further crystallisation, the 
following method of purification was adopted. To a boiling alcoholic 
solution of the mixed product a few drops of strong ammonia were 
added, when the red ammonium salt of the first mentioned substance 
separated on cooling. This was washed with alcohol, mixed with 
acid, and the product dissolved in alcohol and treated in a similar 
manner ; finally it was crystallised from alcohol. 


0°1084 gave 02688 CO, and 0°0445 H,O. C = 67°62; H = 455. 
C,.H,».O; requires C = 67°6; H = 4°22 per cent. 


From its alcoholic Solution, the substance A is deposited, on cooling, 
in sponge-like groups of fine needles, which when dried have little or 
no lustre. From a hot dilute solution in methyl alcohol it is de- 
posited in hard, nodular masses (see “ Extraction of Chay Root with 
Alcohol,” p. 1181); from dilute alcohol it is with difficulty obtained in 
crystalline condition. It melts at 209°, forming an orange-coloured 
liquid, and at higher temperatures yields a small quantity of a crys- 
talline distillate, much of it being carbonised. It is sparingly soluble 
in acetic acid and toluene, almost insoluble in chloroform and carbon 
bisulphide. Solutions of the alkaline carbonates dissolve it, forming 
red solutions slightly inclining to crimson; its crimson solutions in 
alcoholic potash or soda are decidedly bluer in tint than the corre- 
sponding aqueous liquids. Its ammonium compound is readily ob- 
tained on adding ammonia to a strong boiling alcoholic solution, being 
deposited, on cooling, in the form of minute, red needles, appearing in 
bulk as a beautiful carmine-coloured mass. On exposure to air, this 
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ammonia compound gradually evolves ammonia, leaving the original 
substance in a crystalline condition. Dilute solutions of barium and 
calcium hydrates dissolve it sparingly, and in concentrated solutions 
it is insoluble, but its barium and calcium salts may be obtained as 
amorphous, coloured precipitates by the addition of baryta or lime 
water to a solution of its ammonium salt in very dilute alcohol. The 
salts of the alkalis and alkaline earths are not decomposed by long 
boiling with water. (Distinction from substance C,sH»O,, see p. 1175.) 
On the addition of lead acetate to its alcoholic solution, an amorphous, 
scarlet-red lead derivative is precipitated. Cold sulphuric acid dis- 
solves it forming a dark red-brown solution, and if this is treated 
with a crystal of nitrate of soda a green coloration is produced which 
rapidly changes to a pale-yellow. It dissolves in nitric acid, forming 
a brown solution from which nothing is precipitated on adding water, 
but on evaporating the solution in nitric acid and cooling, a crys- 
talline residue is left, which proved to be phthalic acid. When the 
substance A was distilled with zinc dust, a small quantity of greenish 
leaflets was obtained, having a strong odour of anthracene dihydride, 
and which, after crystallisation from alcohol, melted at 201°. As this 
product was not pure and the small quantity obtained did not admit of 
recrystallisation, it was oxidised in glacial acetic acid solution with 
chromic acid. On adding hot water to the green solution, colourless 
needles separated on cooling; these melted at 271°, and sublimed 
unchanged, evidently consisting of anthraquinone. 

When the substance A was reduced with zinc dust in alkaline 
solution, a nearly colourless liquid was obtained, which on exposure 
to air, regained its original colour. It is, therefore, an anthracene 
derivative, and, indeed, a derivative of anthraquinone. It does not 
dye mordanted cotton. 

Action of Acetic Anhydride on the Substance A.—The substance A 
was readily converted into an acetyl compound by boiling it with 
acetic anhydride for several hours. The solution, after evaporation 
and addition of excess of methyl alcohol, deposited, on cooling, a 
nearly colourless, crystalline mass, which was collected, washed with 
alcohol, and recrystallised from the same solvent. From 0°3 gram of 
substance 0°32 gram of the acetyl derivative was obtained. 


0'1190 gave 0°2880 CO, and 0°0472 H,O. C = 66:00; H = 4°40; 
C,5H,,0,°C,H;O requires C = 66°25; H = 4:29 per cent. 


When crystallised from alcohol, it forms long prisms of a pale 
yellow colour melting at 213—215°. It is insoluble in cold alkaline 
solutions, but on boiling is gradually hydrolysed, the substance A 
being reobtained. 

Action of Sulphuric acid on A.—When heated with sulphuric acid at 


1170 PERKIN AND HUMMEL: THE COLOURING 


a temperature below 140°, the substance was unchanged, but on raising 
the temperature to 180°, the dark reddish-brown solution became 
lighter in colour. After maintaining this temperature during a few 
minutes, and pouring the liquid into water, reddish-brown flocks 
were precipitated, which dissolved in strong alkalis forming a green 
solution. The precipitate was collected, washed, dried, and purified by 
crystallisation from nitrobenzene with the aid of animal charcoal. 


0°1156 gave 02780 CO, and 0°0355 H,0. C = 65°59; H = 341. 
C,,H,O; requires C = 65°62; H = 3°13 per cent. 


It appeared as an orange mass of small needles melting at 
311—312°, and subliming at higher temperatures, undergoing much 
carbonisation. Strong solutions of the alkali hydrates dissolved it, 
forming a green liquid, which, when diluted, assumed a dirty-violet 
shade. On boiling these solutions with zinc dust, the original green 
coloration rapidly changed to blue, finally becoming orange-red; on 
exposure to air, the solution was reoxidised, passing through these 
colour changes in the reverse order. As the colouring matter 
possessed properties closely agreeing with those of anthragallol 
(Seuberlich, Ber., 10, 39), a comparison with this substance was in- 
stituted, Anthracene Brown R. (Bayer & Co.’s), being used for the 
purpose, as an examination of the various anthracene brown shades 
in the market led us to think that this was most probably anthra- 
gallol; the paste was dried and crystallised from nitrobenzene. The 
preparation melted at 311—312°; and on analysis, 

0°1183 gave 0 2845 CO, and 0°0345 H,O. C = 65°59; H = 3:24. 

C,,H,O; requires C = 65°62; H = 3:13 per cent. 


It crystalised from nitrobenzene in small, orange needles, and ap- 
peared to be identical with the product from chay root. 

The acetyl derivative prepared from the anthragallol from chay 
root was obtained, after recrystallisation from alcohol, in lemon- 
yellow needles insoluble in cold alkalis and melting at 181—182°; 
whereas the melting point of triacetylanthragallol according to 
Seuberlich (Ber., 10, 39) is 171—172°. As sufficient of our acetyl 
product could not be obtained for analysis, an acetyl derivative of the 
artificial anthragallol was prepared. It melted at 181—182°, and 
appeared to be identical with the acetyl derivative of the natural 
product. It was proved by analysis to be triacetylanthragallol. 


0:1122 gave 0°2585 CO, and 00400 H,O. C = 62:83; H =3'89. 
C,,H;0;(C,H;0); requires C = 62°82; H = 3°66 per cent. 


No doubt remained, therefore, that the colouring matter, C,,H,05, 
obtained by the action of sulphuric acid on the substance was 
anthragallol. 
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Action of Hydriodic acid on A.—The readiness with which the sub- 
stance A was converted into anthragallol by means of sulphuric acid 
and hydrochloric acid (see below), and the fact that the difference 
between its formula and that of anthragallol corresponded with the 
loss of two methyl groups, led us to submit it to the action of 
hydriodic acid quantitatively by Zeisel’s method. 


0°2113 gave 0°3583 AgI. 2CH;0 = 10°86. 
2CH;0 requires 10°49 per cent. 


The substance of the formula C,.H,,0;, therefore, contains two 
methoxy-groups and is an anthragallol dimethyl ether. It is our in- 
tention to study the various methyl ethers of anthragallol, these 
substances having not yet been prepared artificially. 

Action of Hydrochloric acid.—The substance A was heated in a 
sealed tube with the concentrated acid at 150° for an hour. The 
cooled tube contained a reddish-yellow mass of tangled needles, and 
on opening it some slight pressure was apparent. The product 
melted at 275°, carbonising when sublimed, and dissolved in alkalis 
forming a pure blue solution. 


00791 gave 0°1916 CO, and 0°0283 H,0. C = 66:06; H = 3:97. 
C,sH Os requires C = 66°66; H = 3°70 per cent. 


The product was evidently intermediate in composition between 
anthragallol dimethyl ether and anthragallol, and, though evidently 
not pure, consisted chiefly of an anthragallol monomethyl ether, a fact 
supported by the following determination. 

0'2780 gram of anthragallol, when heated with hydrochloric acid, 
yielded 0°2558 gram of the anthragallol monomethyl ether, which is 
equivalent to a loss of 7°98 per cent. The elimination of one methyl 
group from anthragallol dimethyl ether involves a loss of 5 per cent., 
that of two methyl groups 10 per cent., and as subsequent investiga- 
tion proved that this operation entailed a slight loss of substance, 
the figure 7°98 per cent. would represent very closely the loss in- 
volved in converting the dimethyl into the monomethy] ether. 

This substance is also produced by the action of sulphuric acid 
on anthragallol dimethyl ether during a few minutes at 150°, and 
appears also to be formed if the action of fused potash on this sub- 
stance be continued until a blue melt is obtained. 

Anthragallol monomethyl ether crystallises from dilute alcohol in 
long, glistening, orange-red needles. On adding ammonia to a con- 
centrated solution in boiling alcohol, and then allowing the solution 
to cool, lustrous, violet needles of the ammonia salt are obtained. 
This can be heated to 100° without undergoing decomposition. It 
readily dyes mordanted cloth shades somewhat duller and bluer than 
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those obtained with alizarin. When heated with sulphuric or 
hydrochloric acid at 180°, it is converted into anthragallol. 

When boiled with acetic anhydride, it yielded an acetyl derivative 
erystallising in pale-yellow prisms melting at 166—168°, but the 
amount of this substance obtained was insufficient for analysis, 
As stated in the introduction, of the ethyl ethers of anthragallol 
prepared by Liebermann and Jellinek (Ber., 21, 1169), the 
anthragallol ethyl ether [OH: OH: OCH; = 3:2: lor 1:2: 3] very 
closely resembles the above described substance, and it is, therefore, 
probable that it has the methyl group in a similar position. 


Examination of the Substance B of the Formula C\.H,,03, m. p. 225—227°, 


The alcoholic mother liquors obtained during the preparation of 
the previously described substance, when evaporated to one-half their 
bulk, deposited a further quantity of the same substance after a time. 
To the filtrate, six times its bulk of very dilute ammonia was added, 
and the red liquid thus formed was heated to boiling and mixed with 
an excess of baryta water. On cooling, a small quantity of a reddish, 
amorphous precipitate, C, separated, which was found to consist chiefly 
of the barium compound of a resinous substance described later in 
the paper (p.1176). The addition of hydrochloric acid to the boiling 
filtrate caused the formation of a clear yellow solution, from which, on 
cooling, yellow flocks were deposited, appearing under the microscope 
as tangled masses of needles. This deposit was collected, dissolved 
in a little boiling alcohol, the crystalline cake which separated on 
cooling redissolved in boiling alcohol, and the solution mixed with 
its own volume of boiling water. The long, thin, glistening plates 
which soon commenced to separate were filtered off while the liquid 
was still hot, and purified by recrystallisation from alcohol and water. 
The product still contained traces of a substance of the formula 
C,sH,,O,, described later, and this was best removed by prolonged 
digestion with boiling baryta water, by which means the latter was 
converted into barium alizarate and readily removed by filtration 
from the solution; the purified product was precipitated from the 
red filtrate with acid, and crystallised from alcohol. 


0°0971 gave 0°2411 CO, and 0°0402 H,O. C = 67°71; H = 459. 
C,.H,,0; requires C = 67°6; H = 4°22 per cent. 


This substance crystallises from alcohol in long, thin, straw- 
coloured leaflets having a silky lustre, melts at 225—227°, and at 
higher temperatures yields a slight sublimate, with much carbon- 
isation. It is sparingly soluble in alcohol, acetic acid, and ether. 
Alkaline solutions dissolve it, a red liquid being obtained, which does 


AND OTHER PRINCIPLES CONTAINED IN CHAY ROOT. 1173 


not exhibit the bluish or crimson tinge of the corresponding solutions 
of the substance A ; these solutions do not undergo decomposition or 
long boiling. The ammonium salt is very soluble in alcohol, and 
therefore could not be obtained in a crystalline condition ; the corre- 
sponding barium and calcium compounds were also very soluble in 
dilute alcohol (distinction from substance A). It is at once decom- 
posed by cold nitric acid, and the diluted red-brown solution is turned 
green by alkalis. By evaporating the nitric acid solution to a small 
bulk, a colourless, crystalline mass was obtained, which, after purifi- 
cation, yielded a sublimate of phthalic anhydride. When distilled 
with zinc-dust, the substance gave a crystalline sublimate of anthra- 
cene. 

It is readily reduced by boiling with zinc-dust in alkaline solu- 
tion, and on exposing the orange-yellow liquid thus obtained to the 
air, it rapidly assumes its original red colour, being evidently, there- 
fore. an anthraquinone derivative. It does not dye mordanted 
cotton. 

Action of Acetic Anhydride on B.—The substance B was heated in 
a sealed tube with acetic anhydride at 160° during six hours. The 
bulk of the acetic anhydride having been distilled off, methyl alcohol 
was added to the residue, and the crystalline deposit was purified 
by crystallisation from alcohol. 


0'1063 gave 0°2563 CO, and 0°0420 H,O. C = 65°75; H = 436. 
C,sH,,O0;°C,H;0 requires C = 66°25; H = 429 per cent. 


This product was therefore a monacetyl derivative. On crystal- 
lisation from alcohol, it was obtained in beautiful, long, yellow 
needles melting at 175°. It is insoluble in cold solutions of the alkali 
hydrates, but on boiling is gradually decomposed, a red solution being 
produced. By this treatment and crystallisation of the product 
from alcohol, yellow leaflets were obtained melting at 225—227°, 
aud evidently consisting of the regenerated substance B. 

Action of Sulphuric acid on B.—0°5 gram of the substance was 
dissolved in sulphuric acid, and after heating the red-brown solution 
at 150—160° for a few minutes, it was poured into water ; an orange- 
red, floceulent precipitate was produced, which when dry weighed 
04460 gram; it was crystallised from nitrobenzene with the aid of 
animal charcoal. 


0°1172 gave 0°2812 CO, and 0°0350 H,O. C = 65°43; H = 3°31, 
C,,H,O; requires C = 65°62; H = 3:12 per cent. 


It was obtained as an orange-red mass of small needles melting 
at 311—312°, and dissolving in strong alkalis forming a green liquid. 
It was evidently anthragallol. 
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Action of Hydriodic and Hydrochloric acids on B.—When examined 
for methoxy-groups by means of hydriodic acid in Zeisel’s apparatus; 


0°2135 gave 0°3409 AgI. 2(CH;0) = 10°26. 
2CH;0 requires 10°49 per cent. 


It therefore contains two methoxy-groups, and is a second dimethyl 
ether of anthragallol. 

When heated with hydrochloric acid in a sealed tube at 160°, this 
anthragollol dimethyl ether yielded anthragallol. 


02091 gave 01840 pure anthragallol, or a loss of 12 per cent. 
The theoreticel loss should be 9°86 per cent. 


By this means the anthragallol was obtained in orange-red needles 
of great purity. Attempts to produce a monomethy] ether of anthra- 
gallol from this dimethyl ether have not at present been successful, 
the action in this case appearing to involve direct formation of anthra- 


gallol. 


Examination of the Substance of the Formula C\sH,oO,. 


The alooholic and dilute alcoholic liquors obtained during: the 
isolation and purification of the substance B were mixed with water, 
and the yellow precipitate collected and dried; on adding ammonia 
to a hot solution of this product in methyl alcohol, and allowing it to 
cool, a red, crystalline ammonium salt separated, which was repeatedly 
washed with cold dilute methyl alcohol. A solution of this salt in 
a boiling mixture of 2 parts of water and 1 of methyl alcohol, 
when neutralised with acid, deposited a mass of beautiful, long, 
orange-coloured needles on cooling; these had a silky lustre, which 
was entirely lost on heating at 100°, or on standing over sulphuric 
acid, the crystals becoming opaque with loss of water of crystallisa- 
tion. They were further purified by reconversion into the ammonium 
salt and treatment as before. When dried at 100°, 


0°1020 gave 0°2630 CO, and 0°0386 H,O. C = 70°32; H = 420. 
C,sH iO, requires C = 70°86; H = 3°93 per cent. 


0°5982 air dried substance lost 0°0367 H.O at 100°. H,O0 = 6:13. 
C,;H,O,H,O requires H,O = 5°92 per cent. 

The substance, therefore, crystallises from dilute alcohol with 
1H,0. As thus obtained, it forms long, opaque, orange-coloured 
needles melting at 178—179°, and yielding no sublimate at higher 
temperatures. It is only slightly soluble in hot water, but very 
soluble in alcohol, ether, acetic acid, and benzene. Solutions of the 
alkalis and of barium and calcium hydrates dissolve it, forming red 
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solutions, which are decomposed on continued boiling. A boiling solu- 
tion of the barium salt soon began to deposit a violet precipitate, which 
was collected, washed, suspended in water, mixed with hydrochloric 
acid, and the reddish, flocculent compound thus produced purified by 
benzene. The product consisted of small, reddish needles melting at 
279°, dissolving in alkalis with a blue-violet colour, and having 
all the properties of alizarin. The red filtrate from the barium 
alizarate, on neutralisation with acid, deposited a portion of un- 
changed substance, which was converted into alizarin by again 
boiling with baryta water. In some instances, boiling the crude 
substance during a short time with baryta water was found to exert 
a purifying effect, the small quantity of barium alizarate produced 
carrying down with it a trace of resinous substance, and on neutral- 
ising the filtrate a very nearly pure product was obtained. Up to 
the present only a very small quantity of this substance has been 
obtained from chay root, and it is probable that the small amount 
is due to some extent to the conversion of a portion of it into 
alizarin during the extraction of the yellow substances from their 
solution in toluene by means of alkali. The ammonia salt is ob- 
tained in the form of minute, scarlet prisms, which on exposure in 
air are gradually decomposed, the original substance being repro- 
duced. Its alkaline solutions are readily decolorised on boiling with 
zinc dust, but the original red colour is quickly restored on exposure 
to air. 

Cold concentrated sulphuric acid dissolved the substance C,;H O,, 
forming a red-brown liquid, which became red when heated to 150°, 
On adding water, reddish flocks were precipitated, which, after dry- 
ing and crystallisation from benzene, were obtained as red needles 
melting at 279°, and identified as alizarin. Hydrochloric acid at 150° 
and fused potash both produce alizarin from this substance. 

Action of Acetic Anhydride on the Substance C,s;HyO..—In order to 
convert this substance into its acetyl derivative, it was digested with 
boiling acetic anhydride for six hours. On cooling, the solution 
deposited a crystalline mass, which was purified by washing with 
alcohol, and crystallisation from alcohol; long, glistening, yellow 
needles, melting at 209—210°, were thus obtained. 


00553 gave 0°1395 CO, and 0°0218 H,O. C = 68:79; H = 4°38. 
C,;H,0,'C,H;O requires C = 68°92; H = 4:05 per cent. 


This monacetyl derivative was insoluble in cold alkalis, and very 
sparingly soluble in alcohol. When heated in a test-tube, it gave a 
crystalline, yellow distillate, becoming partially carbonised at the 
same time. 

Action of Hydriodic acid on the Substance C,s;HO,-—As the sub 
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stance appeared to contain a methoxy-group, it was examined by 
Zeisel’s method, 


0°2028 gave 0°0810 AgI. CH,O = 5:72, 
Calculated: CH,;O = 5°90 per cent, 
The substance, therefore, contained one methoxy-group, and is an 


alizarin monomethyl ether. Experiments will be instituted with the 
hope of preparing this substance synthetically from alizarin. 


The Resinous Substance. 


This product, which has till now only been obtained in a crude 
condition, is present in very small quantity in the barium pre- 
cipitate C (p. 1172), obtained during the purification of the anthra- 
gallol dimethyl ether, B. After washing with a little cold water, 
and adding hydrochloric acid to the residue suspended in boiling 
water, an opaque, yellow liquid was formed ; this, on cooling, deposited 
resinous drops which gradually solidified. From a hot solution in 
chloroform, it was deposited as a crystalline mass of orange-brown 
needles, Sulphuric acid dissolves it, forming a brownish-red solu- 
tion, which, when heated to 150° and poured into water, threw down 
a black, carbonaceous precipitate. This product dissolved almost 
entirely in alkalis, with a blue-violet colour, and appeared to contain 
alizarin. It will be further investigated. 

500 grams of chay root, thoroughly extracted with sulphurous 
acid solution, gave 13°5885 grams of the mixed product previously 
described, or 2°717 per cent. This contained 


5°9690 grams of crude chlororubin, or 1°19 per cent, 
2°0125 » . pure alizarin, or 0°402 per cent. 
56065 » | mixed yellow substances, or 1°12 per cent. 


Examination of the root after this extraction showed it to contain 
but a trace of colour, so that the above percentage of alizarin will 
accurately represent the total amount of colouring matter present in 
the sample of root which was examined. 


When chay root is extracted with a boiling solution of alum, a 
brown liquid is obtained, from which nothing separates on standing. 
If boiled with dilute acid, this extract yields a greenish precipitate, 
containing chlororubin, alizarin, the two anthragallol dimethyl ethers 
and alizarin monomethyl ether, and but little or no resinous 
product. 

Previously washed chay root, when digested with boiling alum 
water, yields an extract, which, on cooling, deposits a yellow pre 
cipitate, containing alizarin and yellow substances. [Runge’s method 
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for extraction of purpurin from madder (Auerbach’s Anthracen, 196, 
1877)]. The addition of acid to the clear liquid did not cause any 
purpurin to separate. 


Extraction of Chay Root with Lime Water. 


In order to avoid the somewhat disagreeable sulphurous acid pro- 
cess previously described, experiments were made with boiling lime 
water with the hope of extracting the yellow substances from chay 
root in the form of soluble lime compounds. By this means a 
reddish-brown solution was obtained, which, on neutralisation with 
acid, deposited dirty yellow flocks; but, as the product on drying 
assumed a black, tarry condition, and was, consequently, very difficult 
to manipulate, this process was at the time abandoned. Subsequently, 
however, it was found that chay root that had been previously once 
extracted with sulphurous acid gave a somewhat better result. A 
thorough examination was therefore made of this product with the 
hope, perchance, of obtaining other substances contained in the root, 
which might not have been extracted by sulphurous acid solution. 

For this puapose chay root, once extracted with sulphurous acid, 
was boiled in large, jacketed pans with 10 times its bulk of weak 
milk of lime, The root soon assumed a violet colour, and a brownish- 
red liquid was obtained, which, after two hours’ digestion, was de- 
canted off and strained through calico; neutralisation of the hot 
liquor with hydrochloric acid caused the deposition of a small 
quantity of yellow precipitate, more of which separated on 
standing. Since the product was of a somewhat slimy nature, and 
dificult to filter, the acidified liquor was allowed to settle during 
several days, the supernatant liquor decanted off, and the residue 
collected on a filter; after draining the products upon a porous 
tile during several days, it was dried at 100°. The brown, resinous 
mass thus obtained was powdered and extracted with boiling toluene, 
and the yellow substances were separated from this solution in 
the manner previously described. An examination of the product 
showed that it consisted principally of three substances, but of the 
yellow substances previously described only one was here present, 
namely, the anthragallol dimethyl ether B, the reasons for which 
have already been discussed in the introduction, The yield of the 
mixed substances was small. 

A solution of the product in hot alcohol, on cooling, deposited some 
crystalline matter, which, by recrystallisation, was obtained in yellow 
leaflets melting at 225—-227°, and proved to be identical with the 
anthragallol dimethyl ether B. 


; After evaporating the filtrate, and removing a further quantity of 
4142 
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this substance, the addition of water threw down a yellow precipitate, 
which was collected, dried, and dissolved in a little boiling acetic acid. 
The yellow needles which separated on cooling were collected, re- 
crystallised from the same solvent, and finally from cumene. 

0°0714 gave 01958 CO, and 0°0243 H,O. C = 7479; H = 3°78, 

C,,H,O; requires C = 75°00; H = 3°57 per cent. 

It appeared as glistening needles melting at 302°, and subliming at 
higher temperatures with partial decomposition. Solutions of the 
alkali hydrates dissolved it, forming a red liquid, which, when very 
concentrated, deposited thin, long, red plates of the corresponding 
salts. Sulphuric acid dissolved it, forming a red solution, but was 
without action on it at 150—180°. 

When heated with caustic soda at 180°, a blue-violet melt was 
obtained, from which crystals of alizarin, melting at 280°, were readily 
obtained by the usual method. Digestion with boiling acetic an- 
hydride gave rise to an acetyl derivative which, when purified, formed 
colourless needles melting at 157°. This substance, therefore, agrees 
in its properties with metahydroxyanthraquinone, with which it is in- 
deed identical; this is of special interest, this substance not having 
been previously known to exist in natural products. 

As discussed in the introduction, it was at first thought that the 
metahydroxyanthraquinone might have been formed by the action of 
the boiling lime water on some of the products existing in the root, 
but this was negatived by an investigation of the properties of all the 
substances which were isolated, with the exception of ruberythric 
acid, which is acted on by lime water in a somewhat peculiar manner. 

In order to test the purity of the sample of ruberythric acid em- 
ployed, it was converted into alizarin by boiling with acids, and the 
product examined for substances soluble in lime water: the result 
being that none could be detected. When boiled with lime water, 
the ruberythric acid was gradually decomposed, yielding calcium 
alizarate, which, after several hours digestion, was collected. The 
filtrate was of a pale-red colour, and, on neutralisation with acid, 
deposited a very small quantity of dirty yellow flocks, which were 
collected and found to contain no ruberythric acid. The amount of 
ruberythric acid at our disposal was unfortunately so small, and the 
yield of this yellow product so infinitesimal, that it was impossible to 
decide whether it contained metahydroxyanthraquinone. We hope 
to further investigate this decomposition. 


The acetic acid filtrate from the metahydroxyanthraquinone, on 
evaporation, deposited more of this substance, which was collected, 
and the mother liquor again concentrated. On cooling, a semi- 
solid, crystalline mass was obtained, which was purified by two 
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or three crystallisations from the same solvent. It separated in 
somewhat spongy groups of microscopic, yellow needles melting at 
141—142°, and very soluble in most solvents. Heated with sulphuric 
acid to 150°, a red solution was obtained, which, when mixed with 
water, deposited orange-red flocks; these, after crystallisation from 
cumene, appeared as red needles melting at 280°, and identified as 
alizarin. The amount of this substance in chay root is very small, 
but daring further experiments with this dye-stuff we hope to accu- 
mulate sufficient for analysis. Sulphurous acid does not extract this 
substance from the root,'and its presence in the lime water extract 
only, in conjunction with metahydroxyquinone, strengthens the view 
that the latter exists as such in the root. 


Extraction of Chay Root with Alcohol. 


The Wax.—500 grams of chay root in small pieces, of about an inch 
in length, were boiled for six hours with 3 litres of absolute alcohol ; 
the liquid was then filtered off and the residue again treated in a 
similar manner. The pale-yellow filtrates, on cooling, deposited a light 
brownish, flocculent precipitate, which was collected, washed with a 
little alcohol, pressed, and drained upon a porous plate. This product, 
which was found to consist chiefly of a wax, was best purified by 
adding it to boiling alcohol insufficient to completely dissolve it; by 
this means the small portion undissolved in its fused condition carried 
down with it coloured impurities. On cooling, the clear, yellow solution 
set to a gelatinous mass ; this was collected, pressed, treated again in 
a similar manner, and finally purified by two or three crystallisations 
from much absolute alcohol, with the aid of animal charcoal, and 
dried over sulphuric acid. Analyses of different preparations, dried 
at 100° till constant, gave the following numbers. 


0'1086 gave 0°3094 CO, and 0-1175 H,O. C=77°69; H= 12-02. 
01383 ,, 0°3942CO, ,, 01493 H,0. C=77:72; H=11:99. © 
(CioH,sO0), requires C= 77°9; H =11°6 per cent. 

Tt consisted of a colourless, friable mass, melting at 87—88° to a 
slightly yellow liquid; when strongly heated, it evolved a white 
vapour, condensing as colourless, oily drops, which solidified on 
cooling. This crystallises from a dilute solution in boiling alcohol, 
on slowly cooling, in groups of minute, star-like needles, but from 
hot concentrated solutions or on rapid cooling, it is deposited as a 
gelatinous mass. The mother liquors from the purification of this 
wax, on cooling, deposited a further quantity of a crystalline pro- 
duct, melting at 87—88°, identical with the wax above described. 
This wax appears, therefore, to be a definite substance. 

Cane Sugar.—The filtrate from the crude wax was evaporated to 
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about one-sixth its bulk, and allowed to cool; after 24 hours, it de- 
posited a brownish, semi-crystalline substance, feeling somewhat gritty 
to the touch, but which, on drying, became sticky. In order to purify 
this product, the clear liquid was decanted from the deposit, and the 
latter extracted with alcohol at 60° until an almost colourless crystal- 
line residue was obtained; this was then several times crystallised 
from alcohol, with the aid of animal charcoal, and dried. 
' An analysis gave the following result. 


0°1306 gave 0°2022 CO, and 0°0757 H,O. C = 42:22; H= 6-44. 
C,,H,,0,, requires C = 42°10; H = 6°43 per cent. 


It was evidently cane sugar, with which it agreed in all its 
properties. 

Ruberythric acid.—The filtrates obtained from the cane sugar 
were next evaporated to a smaller volume, and rapidly cooled; a 
yellow, somewhat sticky, flocculent precipitate separated, from 
which the liquor was poured off and the residue extracted in the 
same vessel with alcohol at 60°. By this means a further quantity 
of very impure sugar was left undissolved. The extracts, on 
evaporation, gave a somewhat less sticky precipitate, which was 
collected, dissolved in very dilute alcohol, and a trace of insoluble, 
waxy matter filtered off. The addition of baryta water to this 
solution caused the separation of a red precipitate, which was washed 
with dilute alcohol, then with a little water, and added to jusi 
sufficient dilute acetic acid for its complete neutralisation. ‘The 
yellow solution, after removal of a trace of brown, insoluble matter 
by filtration was extracted with ether to remove traces of yellow, 
crystalline substances, and then treated with basic lead acetate. 
The vermilion-red precipitate thus formed, after being washed with 
water and alcohol, was suspended in alcohol, decomposed with 
hydrogen sulphide, and the precipitated lead sulphide collected and 
extracted with boiling alcohol until the extracts became colourless. 
The yellow filtrates, on evaporation to a small bulk and dilution 
with a little ether, gradually deposited groups of yellow needles, 
which were collected and crystallised from the same solvent. 


00834 gave 0°1685 CO, and 00373 H,O. C =55'10; H= 4°97. 
C»H,O, requires C = 55°31; H = 4:96 per cent. 


It consisted of a lemon-yellow glistening mass of fine needles 
having all the properties of Schunk’s ruberythric acid (Annalen, 
66,176). When mixed with boiling dilute mineral acids it readily 
dissolved, but an orange-coloured precipitate soon separated, which 
proved to be alizarin. The filtrate readily reduced Fehling’s solu- 
tion, and therefore probably contained a glucose. 
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The alcoholic liquors from the crude ruberythric acid and those 
used in its purification after being evaporated to a small bulk and 
allowed to stand for several hours, contained a small quantity of 
a brownish, flocculent precipitate in suspension, whilst a sticky 
product adhered to the bottom of the vessel. The brown pre- 
cipitate consisted chiefly of waxy matter which was readily resolved 
by crystallisation from alcohol into a product melting at 87—88° 
(evidently identical with the wax before described), and a trace of a 
more soluble wax melting at 80°, which separated in a gelatinous 
form from its hot alcoholic solution on cooling. When dry, it ap- 
peared as a colourless mass, but the quantity obtained was far too 
small for analysis. 

Alizarin.—The addition of alcoholic lead acetate to the filtrate from 
the above described wax caused the deposition of a reddish-violet 
precipitate, which was collected and washed several times with boiling 
alcohol. It was then suspended in boiling water, mixed with hydro- 
chloric acid, and the dirty-yellow precipitate thus formed was collected, 
washed with water, and crystallised from benzene, with the aid of 
animal charcoal. Jt then appeared as a mass of orange-red needles 
which melted at 278° and had all the properties of alizarin. The 
amount present in the root was very small. 

Yellow Substances.—The filtrate from the lead alizarate was poured 
into a large volume of ether, and, water having been added, the yellow 
ethereal extract was removed and the remaining solution again ex- 
tracted with ether. After washing with water to remove alcohol, and 
drying with calcium chloride, the ethereal solution was evaporated toa 
small bulk, when a thick, yellowish-brown, gummy mass was obtained ; 
this had a peculiar, acid odour, and did not solidify, even on long 
standing. It was dissolved in a mixture of equal parts of chloroform 
and ether, and the solution, having been concentrated,'was allowed to 
cool; it gradually deposited a small quantity of a crystalline sub- 
stance, seen, under the microscope, to consist of minute needles, 
interspersed with thin plates and mixed with some quantity of an oily 
product. It was dissolved in much boiling methyl alcohol, filtered, 
and, after standing several hours, the yellow, nodular masses of fine 
needles, which had then separated, were further purified by two or 
three crystallisations from the same solvent. This substance melted 
at 209°, and was identical with the anthragallol dimethyl ether A, 
previously described as obtained from chay root by extraction with 
sulphurous acid. 

On evaporating the alcoholic mother liquors from the purification 
of this substance, a semi-crystalline deposit was obtained, which was 
purified as follows. The mass was extracted with dilute caustic soda 
solution, which left a small quantity of oily, insoluble matter undis- 


1132... PERKIN AND HUMMEL: THE COLOURING 


solved ; the red, alkaline solution was neutralised with acid, and the 
resulting, somewhat sticky, yellow precipitate was washed and dried, 
After extracting with boiling toluene, treating the solution with dilute 
alkali, and neutralising the alkaline liquid with acid, yellow flocks 
were obtained, which were dissolved in dilute alcoholic ammonia and 
the solution treated with barium hydrate. The small quantity of 
barium precipitate thus formed was filtered off, the filtrate neutral- 
ised, and the precipitate crystallised from alcohol and finally from 
dilute alcohol. 

A glistening mass of yellow needles was thus obtained, similar in 
appearance to the anthragallol dimethyl ethyl B, previously described. 
It melted at 215°, and was, therefore, evidently not quite pure, but 
its behaviour left no doubt as to its identity. The quantity obtained 
was to small to allow of recrystallisation. 

The mother liquors from this substance, when mixed with hot 
water, deposited a crystalline mass of fine needles, which, on boiling 
with baryta, yielded a precipitate of barium alizarate. It was, there- 
fore, evident that this substance consisted largely of the alizarin 
monomethyl ether, previously described as obtained from chay root 
by extraction with sulphurous acid. . 

The isolation of the two anthragallol dimethyl ethers and the 
alizarin monomethyl ether, by the above method, points to the fact 
that, in the sample of chay root examined by us, these three sub- 
stances do not exist in the form of glucosides, but in the free state. 

The aqueous liquors which had been extracted with ether, when 
evaporated to a smaller bulk and treated with basic lead acetate, 
deposited a small quantity of a red precipitate, from which ruberythric 
acid was separated by the usual methods. 

Rubichloric acid.—After the removal of lead from the filirate with 
hydrogen sulphide, and subsequent evaporation, alight brown, treacly 
mass was obtained, which, on boiling with dilute acids, gave a copious, 
green precipitate of chlororubin, and appeared, therefore, to consist 
almost entirely of Rochleder’s rubichloric acid. Weare collecting some 
quantity of this comparatively pure product, with the hope of obtaining 
some clue to its constitution.' 

During these’ experiments, attempts to obtain rubyerythric acid 
from chay root, by extraction with methylated spirit, were carried 
out, in order to avoid the use of the costly absolute alcohol. From 
the methylated spirit extract, after cooling, the wax was removed by 
filtration, and the filtrate was evaporated to one-tenth its bulk and 
extracted with ether. From the residual liquid, the ruberythric acid 
was obtained by precipitation with basic lead acetate and treatment 
of the precipitate in the usual manner. The yield, however, was 
very small, and the product somewhat difficult to purify. 
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Metahydroxyanthraquinone.—The accumulated residues of root that 
had been extracted with alcohol were treated with boiling milk of lime, 
the red solution neutralised with acid, and the yellow precipitate puri- 
fied, as described before, by means of toluene. A small quantity of a 
resinous mass was thus obtained, very soluble in alcohol, from a 
solution of which it was deposited, on evaporation, in the form of 
brownish, resinous drops. The addition of alcoholic soda to the hot 
alcoholic solution caused the deposition of a crystalline sodium salt, 
which was collected, washed with alcohol, and decomposed with acid. 
The product, after crystallisation from alcohol and cumene, formed 
glistening needles melting at 302°, and identified as metahydroxy- 


anthraquinone. 


Dyeing Properties of Chay Root. 


Comparative dyeing trials were made with chay root, alizarin, and 
various qualities of madder, on the ordinary stripe-mordanted calico, 
printed with alumina and iron mordants. When the patterns were 
examined before soaping, chay root appeared to have about half the 
dyeing power of madder, but, on comparing them after soaping, and 
selecting the red as the colour for comparison, it was evident that its 
dyeing power, in respect of the fast dyes it contained, was quite equal 
to that of madder. In all cases, chay root gave reds, pinks, and 
chocolates having a bluer shade than those of madder, and lilacs 
which were much superior, being fuller and more brilliant, equal, 
indeed, to those dyed with technically pure alizarin. It seems strange 
to us that the earlier experimenters did not strongly recommend it 
to the calico printers for the productions of “ madder lilacs.” 

On Turkey-red prepared cloth, chay root gave a much bluer shade 
of red than madder, withstanding the operations of soaping and 
clearing better than, and precisely similar to, the red given by alizarin. 
These experiments confirm the absence of purpurin, — referred 
to in the chemical part of the work. 

Special comparative dyeing experiments show that the cmmmnt of 
alizarin in the root, readily fixed by the mordanted cloth, is from 0°33 
to 0°35 per cent. 


Extraction of Yellow Substances from Dye-stuffs allied to Chay Root. 


Madder.—Schunk has found (Jahresbericht, 1855, 666) that madder 
contains numerous yellow substances, but the properties of these 
show but little agreement with the corresponding chay root products. 

Rochleder also isolated yellow substances from a crude madder 
product (Ber., 3, 292), probably obtained from this root by extrac- 
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tion with sulphurous acid, but his description of their properties js 
too meagre to permit of any comparison between them and the yellow 
substances described in this paper. It was therefore of interest to 
institute a rough comparison of the yellow substances of these two 
roots, extracted by the above means. 

By extraction of 500 grams of madder with an aqueous solution of 
sulphurous acid, and treatment of the extract in the manner before 
described, only 0°4405 gram, or 0°088 per cent., of mixed yellow sub- 
stances was obtained. This product, after treatment with sulphuric 
acid at 150°, was apparently unaltered, no colouring matter being 
produced, and it was therefore evident that the corresponding chay 
root substances were absent. Py careful heating between watch- 
glasses, a beautiful, glistening sublimate of yellow leaflets was obtained 
melting at 225—226°, and devoid of dyeing properties. It is our 
intention to thoroughly investigate this product. 

Morinda Root.—This root was also examined in a similar manner 
for yellow substances. On boiling the sulphurous acid solution with 
a little acid, a copious green precipitate was obtained, from which 
chlororubin, morindone, and traces of yellow substances could be 
readily isolated in the usual manner. 

The morindone was readily purified by crystallisation from toluene, 
from which it was deposited in the form of long, orange-red needles, 


the foregoing method of extraction constituting.a very ready means 
for its preparation in quantity. On analysis: 


0°1006 gave 0°2460 CO, and .0°0360 H,O. C = 66°68; H = 3:97. 
C,;HO; requires C = 66°66; H = 3:7 per cent. 


This result agrees with that recently obtained by Thorpe and Smith 
(Trans., 1888, 53, 174). 

Of the yellow substances soluble in baryta water, only 0°02 per 
cent. could be extracted from morinda root by this means, and their 
behaviour showed them to be of a distinct nature from the chay root 
products. By careful heating, a reddish, crystalline sublimate was 
ébtained, containing a dye which appeared to be morindone, and a 
yellow substance soluble in baryta water forming a red liquid. 

Wong-koudu.—A preliminary examination of a sample of 15 grams 
of this dye-stuff showed it to contain alizarin, rubichloric acid, and 
yellow substances. We are obtaining larger quantities from Java for 
the purpose of thorough investigation. 


Clothworkers’ Research Laboratory, 
Dyeing Department, Yorkshire College, Leeds. 
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LXXXIX.—Phenylnaphthalenes. 1. a-Phenylnaphthalene. 
By F. D. Cnarraway, B.A. Oxon, 


Warson Smirz, in 1879, in continuation of his work on the di- 
naphthyls, synthesised one of the two possible phenylnaphthalenes 
(Ber., 12, 1396 and 2049) by passing a mixture of monobromo- 
benzene and naphthalene through a red-hot combustion tube filled 
with pumice, and in a later communication (Trans., 1881, 39, 547), 
in conjunction with Takamatsu, very fully describes the method em- 
ployed. As a dinaphthyl, in all probability the Af-, derivative is 
formed when either naphthalene or naphthalene together with volatile 
metallic chlorides (Trans., 1887, 51,551) is passed through a red-hot 
tube, Watson Smith considered the new hydrocarbon to be f-phenyl- 
naphthalene, and, to test this conclusion, attempted to synthesise the 
a-derivative, but without success. 

In 1884 (Annalen, 226, 23), Zincke and Breuer obtained a hydro- 
carbon by the dehydration and condensation of styrolene alcohol 
under the influence of sulphuric acid, which they subsequently 
(Annalen, 240, 137) showed to be A-phenylnaphthalene. Zincke, 
however, was unable to confirm Watson Smith’s results; neither 
could he obtain the hydrocarbon by other synthetic methods. 

Watson Smith, in reply (Proc. Chem. Soc., 1889, 70), proved that 
his hydrocarbon was identical with that obtained from styrolene 
alcohol, both products yielding a quinone exhibiting the singular 
property of polymerising when its solution is exposed to light. 

It has recently been shown by the author (Ber., 26, 1745) that B- 
phenylnaphthalene is formed as a last product in the analytical decom- 
position of chrysene, whether this is effected through the quinone or 
through the so-called chrysene acid (probably 6-phenylnaphthalene- 
a-monocarboxylic acid), and it therefore seemed desirable, in order to 
establish the constitution of chrysene, to synthesise, if possible, both 
a- and 8-phenylnaphthalene by methods which should leave no doubt 
as to their structure. 

The investigation, of the first part of which an account is given in 
the present paper, was consequently begun, and while it was in 
progress Méhiau and Berger published an account of the synthesis of 
both possible phenylnaphthalenes, by the action of solid diazobenzene 
chloride on naphthalene in presence of aluminium chloride (Ber., 26, 
1196). This mode of formation, however, gives no information 
respecting the constitution of the two isomerides. 

The synthesis of phenylnaphthalene can be effected in several 
different ways, which prove that the phenyl group is introduced in 
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the a-position in naphthalene, but in nearly all cases the yield is 
extremely small, considerable quantities of brown, tarry, uncrystal- 
lisable substances being formed, either by a condensation of the 
a-phenylnaphthalene first formed, similar to that suggested by 
Lossen to explain the production of such a substance in the synthesis 
of aa-dinaphthyl, or through some peculiar behaviour of naphthalene 
and its substituted derivatives. 

Among the many methods tried, the one giving the best result 
was found to be the action of a-chloronaphthalene on benzene in 
presence of aluminium chloride, a yield of about 40 per cent. of the 
theoretical being obtained; a very small quantity of #-phenyl- 
naphthalene is also formed ; this may be due to a change of the a- 
into the A-chloronaphthalene nnder the influence of aluminium 
chloride, but is probably owing to the presence of a small quantity of 
the B-compound in the original a-chloronaphthalene used, which was 
obtained from naphthalene dichloride by distillation and fractiona- 
tion until the boiling point was practically constant. As Armstrong 
and Wynne have shown (Proc. Chem. Soc., 1890, 85), f-chloro- 
naphthalene is always present in small quantity in the product 
obtained in this way. 

A similar interaction takes place when a-bromonaphthalene is used 
in the place of the chloro-compound or when zine chloride is sub- 
stituted for aluminium chloride, but the yield in these cases is not so 
good, | 

a-Phenylnaphthalene is also formed in small quantity when a- 
bromonaphthalene and monobromobenzene are heated with sodium ; 
and in somewhat larger amount when a-bromonaphthalene is heated 
with mercurydiphenyl and magnesium at over 400° in a sealed tube. 
The mercury in the latter case is set free as metal, and no mercury- 
phenyl bromide or diphenyl can be detected, but a considerable 
quantity of naphthalene is produced. When bromobenzence is warmed 
with naphthalene in presence of aluminium chloride, a-pheny]l- 
naphthalene is also produced, no formation of £-phenylnaphthalene 
being observed; the only other definite substance recognised was a 
beautifully crystalline compound melting at about 178°; very likely 
a higher phenylated naphthalene. <A very large amount of uncrys- 
tallisable tarry matter is, however, formed, and the yield of @- 
phenylnaphthalene is not good. 


Action of Sodium on a Mixture of 2-Bromonaphthalene and Bromo- 
benzene. 


When bromobenzenzene and a-bromonaphthalene are dissolved in 
ether, sodium appears to have very little action on them, and even 


— & ‘ 
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on warming this appears to cease so soon as a superficial coat of some 
brown substance is formed on the metal. If the two substances are 
dissolved in xylene, action not only takes place, but becomes com- 
plete if during the heating the brown coating be shaken away from 
the molten metal as it is formed. As this process is very slow and 
yields only a very small amount of «-phenylnaphthalene, the two 
bromo-derivatives were mixed in equivalent proportions, and the 
calculated quantity of sodium was added. The metal at first re- 
mained bright, but on warming a little above the melting point of 
the sodium, action commenced; as it proceeded, much heat was 
evolved, and the liquid boiled rapidly, a dark brown substance being 
at the same time formed. When action ceased, the entire contents of 
the flask appeared to have been converted into a dark brown, earthy- 
looking, solid, friable substance. This was separated mechanically 
from a few globules of sodium and distilled, when a small quan- 
tity of a yellow, semi-fluid substance passed over, whilst a black, 
porous, charred mass remained. The distillate consisted almost 
entirely of naphthalene, mixed, however, with a small quantity of 
a-phenylnaphthalene ; on dissolving this mixture in hot alcohol and 
cooling, the naphthalene first crystallised out, the a-phenylnaph- 
thalene left in the solution separating as oily globules on evaporation 
or on the addition of water. 

Naphthalene and a-phenylnaphthalene can also be separated by 
distillation with steam, the naphthalene volatilising far more readily ; 
the distillation, however, requires to be continued for a long time, as 
the pheny! derivative is only slightly volatile with steam. 

The «a-phenylnaphthalene was finally fractionally distilled; the 
yield by this method is very small, not more than 1 to 2 per cent. of 


the theoretical. 


Action of Magnesium and Mercurydiphenyl on «-Bromonaphthalene. 


When 2-bhromonaphthalene and mercurydiphenyl are heated to- 
gether, the latter dissolves, although very little action takes place 
even if the mixture be kept for a long time at its boiling point; the 
only product that could be isolated was a very little mercuryphenyl 
bromide. As the action appeared not to go beyond this stage, the 
calculated quantity of magnesium -was added, and the three sub- 
stances were heated together at over 400° during 12 to 14 hours in a 
sealed hard-glass tube. On cooling, the contents of the tube ap- 
peared dark brown and viscid, and globules of mercury were found 
at the bottom. This viscid, tar-like mass was then distilled; at first, 
a pale yellow, semi-solid substance came over; then, on strongly 
heating, at just visible redness, yellow vapours were given off, con- 
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densing to a brown, viscid mass which, when cold, solidified to a 
brownish-black resin. 

The first portion of the distillate was found to consist of naph- 
thalene and a-phenylnaphthalene, which were separated by steam 
distillation and subsequent fractionation, The yield of a-pheny]l- 
naphthalene by this method amounted to about 10—12 per cent. of the 
theoretical. No diphenyl was observed, only naphthalene, «-pheny]- 
naphthalene, mercury, and the resin above mentioned being recog- 
nised. This resin distils only at a low red heat, is insoluble in 
alcohol, but readily soluble in benzene and its homologues, giving a 
dark reddish-brown solution which exhibits a beautiful green fluor- 
escence; the solution is not decolorised by animal charcoal, and on 
the addition of absolute alcohol, the resin separates in small, brown 
globules, 


Action of «-Bromonaphthalene and 2-Chloronaphthalene on Benzene in 
presence of Aluminium Chloride, 


Anhydrous aluminium chloride was added to a solution of a-bromo- 
naphthalene in an excess of benzene ; the mixture became gradually 
black, and hydrogen bromide was slowly evolved; after standing for 
12 hours, the mixture was heated on a water bath till acid vapours 
were no longer given off, diluted with benzene, and warmed with an 
excess of dilute hydrochloric acid. The benzene solution, after being 
well washed, was dried over calcium chloride, and the benzene distilled 
off. The brown, semi-solid residue was then distilled; at first, an oily, 
yellow liquid came over, next a very small quantity of a solid, crys- 
talline substance, and afterwards a brown resin similar to that 
previously described. The yellow liquid when fractionated proved 
to be mainly a-phenylnaphthalene, the yield being about 15 per cent. 
of the theoretical. 

The most convenient method tried of preparing 2-phenylnaphthal- 
ene is, however, the action of a-chloronaphthalene on excess of 
benzene in presence of aluminium chloride. Exactly the same pro- 
cedure was adopted as before. On distilling the residue left on 
evaporation of the benzene, a yellow oil consisting mainly of a- 
phenylnaphthalene came over first, then a white, crystalline sub- 
stance, and finally a brown resin. 

The yellow liquid was fractionated to obtain the a-phenylnaph- 
thalene, the yield being about 40 per cent. of the theoretical. By 
fractional crystallisation from alcohol the white, solid portion of the 
distillate was separated into f-phenylnaphthalene and a substance 
melting at about 150°, and crystallising in beautiful pearly white 
scales; the latter substance may possibly be a higher substituted 
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derivative of benzene containing two or more naphthyl groups, but 
the quantity obtained was too small to admit of its investigation. 
The amount of A-phenylnaphthalene produced was very small, and 
was probably derived from a little 8-chloronaphthalene contained in 
the a-chloronaphthalene used. 

The amount of resin formed was very considerable; it is insoluble 
in alcohol, but on boiling, it becomes blacker and more friable; it 
dissolves in benzene forming a reddish-brown solution which exhibits 
a very strong, green fluorescence. 

The above reactions were also tried, using zinc chloride in place of 
aluminium chloride, but the results were not nearly so good. 


Action of Bromobenzene on Naphthalene in presence of Aluminium 
Chloride. 


Excess of anhydrous aluminium chloride was added to a mixture of 
bromobenzene and naphthalene in equivalent proportion, and the 
whole kept at 70—80° during 12 hours. The mixture was then heated 
over a small gas flame till no further evolution of hydrogen bromide 
took place, diluted with excess of benzene, warmed with very dilute 
hydrochloric acid, well washed, dried over calcium chloride, the 
benzene removed by distillation, and the tarry residue distilled. 


a-Phenylnaphthalene first came over mixed with a little naphthalene, 
next a yellowish crystalline compound, then a yellow, amorphous 
substance, whilst a brownish-black, resinous mass was left in the re- 
tort; this resin was readily soluble in benzene, giving a deep, reddish- 
brown solution exhibiting a splendid green fluorescence, but nothing 
definite could be isolated from it. The impure a-phenylnaphthalene 
was then fractionated, a yield of about 20 per cent. of the theoretical 
being obtained. No A-phenylnaphthalene was detected, the substance 
distilling next above the «-phenylnaphthalene melting at about 178° 
after recrystallisation from alcohol; it crystallises very beautifully in 
small, glittering, pearly scales, and may possibly be a more highly 
phenylated naphthalene formed by the further action of bromo- 
benzene on the naphthalene. The yellow substance distilling at a still 
higher temperature also dissolved somewhat readily in alcohol, giving 
a pale yellow solution exhibiting a green fluorescence ; it separated 
from its hot alcoholic solution, on cooling, in yellow flocks which 
showed no crystalline structure and, on drying, formed a light yellow, 
amorphous powder melting at about 170°. It is possible that this is 
the first stage in that process of polymerisation which results in the 
formation of resin-like substances in all these reactions. 

This reaction was also tried with zinc chloride, but the result was 
not so good, more tarry and resinous products being formed. 
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a-Phenylnaphthalene was obtained as a thick, oily-looking liquid 
of a pale yellow colour, exhibiting a faint blue fluorescence, and, after 
some time, solidified to a soft, waxy looking mass without definite 
erystalline form. It did not melt at all sharply on warming, but was 
completely fluid at 45°, and, on cooling, remained liquid for some con. 
siderable time at the ordinary temperature. It had a peculiar odour 
resembling both naphthalene and diphenyl. It boils about 324—325°, 
and is very readily soluble in alcohol, ether, benzene, and its homo- 
logues, glacial acetic acid, light petroleum, and chloroform, its solu- 
tions having a slight blue fluorescence. It cannot be obtained in 
crystals from these solutions, as, on evaporation, they deposit the 
hydrocarbon in the form of small, oily drops, which, after a long 
time, become slightly opaque through solidification. It is volatile 
with steam, but not very readily, and may be separated moderately 
completely from naphthalene by this means. 

A combustion of the hydrocarbon was made. 


0°3258 gave 11218 CO, and 01774 H,0O. C = 93:91; H = 6:06. 
C.H;'C,.H; requires C = 9410; H = 5°89 per cent. 


Two vapour density determinations were made by Victor Meyer's 
method, using a bath of sulphur vapour. 


Calculated for 


OH; 

O.H; * L 

7°06 6°82 
Air = 1. 


It is with much pleasure that I here express my indebtedness to 
Professor Tilden for his kindness in allowing me the use of his 
laboratory and for the help which he has afforded me during the 
progress of this work. 


Mason College, 
Birmingham. 
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Tue critical and other constants of a number of the esters (ethereal 
salts) have been determined by several observers, but the results are 
by no means concordant. As an example, we may take ethylic 
acetate, which we found one of the least difficult substances to obtain 
in a pure state. 

The boiling points, specific gravities at 0°, and the critical constants 
obtained by various experimenters are tabulated below. 


Boiling Points. 
Thénard, Ann. Phys. Chem., 72. 
Pierre and Puchot, Compt. rend., '75, 
1594. 
740° at 756 Delffs, Annalen, 92, 278. 
—— « Dumas and Boullay, Ann. Phys. Chem., 
12, 430. 
ay « a . Leblanc, Ann. Chim. Phys. [3], 10, 
198. 
7414° at 766°5 mm......... Pierre, Compt. rend., 2'7, 213. 
743° at 760 Kopp, Annalen, 64, 218. 
Andrews, Jahresb., 1, 89. 
750° at 760 mm. ..... wee-- ° Pawlewski, Ber., 15, 2463. 
755—76'5° at 745°5 mm.... Schiff, Annalen, 220, 107. 
770° at 760 mm. .. Linnemann, tbid., 160, 209 (dried 
with phosphorus pentoxide). 
770° at 760 eeseeeeeee Brihl, ibid., 203, 365. 
77°0° at 760 Zander, ibid., 233, 258. 
77°1° at 760 Schumann, Ann. Phys. Chem., 12, 40. 
771° at 760 Winkelmann (quoted), Annalen, 233, 
258. 
77°5° at 760 Perkin, Trans., 1884, 45, 492. 
775° at 760 Gartenmeister, Annalen, 233, 257. 
SEH cccose Gissmann, Jahresb., 5, 563. 
VOL, LX. 4m 
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Specific Gravity at 0°. 


The specific gravities at higher temperatures are rednced to 0° by 
means of oar data (p. 1216). 
0-9069 at 0°/4°. Pierre, Annalen, 64, 160. 
0°8922 at 15° = 0°9099 bs Delffs, loc. cit. 
0°9105 Kopp, __;, 
0°9227 ' Naccari and Pagliani, Gassotta, 
: aoe 1881,341. |. -° 
0°9239 Elsisser, Annalen, 218, 316. 
09068 at. 15°/15° = 0°9240 Linnemann, loc. cit. 
0°89685 at 25°/25° = 0°9241 Perkin, 
0°90707 at 15°/15° = 0°9243 eS 
0°9243 Zander 
09007 at 20° = 0°9245 Brihl 2. 
0°9252 Goebel (quoted), Annalen, 
233, 258. 
0:9253 Gartenmeister, loc. cit. 
09279 Winkelmann, i 


Critical Constants. 


239°8° 422 atm. Sajotschewski, Beiblitter, 3, 741. 
249°8° 39°65 ,, Nadejdine, Exner's Rep., 23, 639. 
256°5° Pawlewski, Ber., 16, 2633. 

275°7° ~ De Heen, Recherches, Paris, 1888. 


It will be seen from the above tables that there is a variation of 12° 
in the boiling points, more than 2 per cent. in the specific gravities, 
36° in the critical temperatures,.and 2°5 atmospheres in the critical 
pressures. It. is, therefore, clear that the constants for ethylic 
acetate are not yet -known with wr aaaaiiees and the same remark 
applies to the other esters. 

Probably. the chief cause of the discrepancies i is the difficulty expe- 
rienced in obtaining the substances in a pure state, and, indeed, it is 
only in a comparatively small number of cases that the esters experi- 
mented on appear to have had a constant boiling point. Thus, Schu- 
mann (Ann. Phys. Chem., 12, 40), who determined the vapour pressures 
up to 2 atmospheres of 28 esters, gives the rise of temperature during 
the distillation of each substance, and, though it is evident that great 
care was taken in their purification, yet in only one case (methylic 
formate) was the boiling point. quite constant. The greatest rise 
observed was 0°7°, and the mean 0°35°. 

It. has even been suggested that partial dissociation takes place 
during the distillation of these substances, and that the want of 


tta 
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eonstaney in the ‘boiling: points is due to this cause; thus Schiff 
states (Annalen, 220,107, footnote), ‘Wie schon Brihl bemerkte, 
iaben die organischen Kester im Allgemeinen selten: einen absolut 
constanten Siedepunkt; er schreibt dies einer partiellen Dissociation 
mu.” 
The mere repetition of the determination of these constants would 
be of little value without some perfectly satisfactory proof of the purity 
of the substances employed. We have, therefore, in every case, made 
use of. two.different samples, one prepared from the acid or anhydride 
and the alcohol, the other obtained from Kahlbaum. These were puri- 
fied, with the greatest possible care, by the methods to be described, 
and the final fractionation was always continued until the boiling point 
was constant to within at least a twentieth of a degree, and, in most 
cases, even this small rise could not be detected. The purity of the 
esters thus obtained is proved not only by the constancy of the boiling 
points during distillation, but by the agreement between the boiling 
points, the specific gravities at 0°, and the critical constants of the 
two samples of each. The results are given in the table below. 


eter. Boiling point - Specific Critical Critical 
at 760 mm. | gravity at 0°.| temperature.| pressure. 
e > 
Methylic formate A ..... 31°9 1°00320 214°0 45060 
ke ig WES 31°9 1 -00318 214°0 44980 
Ethylic formate A ...... 54°3 0 °94807 235°3 35530 
hie” . ameil, 0-94796 235° 35 35580 
Methylic acetate A. , 57°3 0 °95934 233°7 35210 
coccee 57°15 0°95929 233°7 35210 
Propylic formate A.. 80 °9 0 “92866 . 264 °85 . 30460 
i ae 0 *¥2870 | 264°85 30600 
Ethyiie acetate A cecceee 77°15 0 °92438 250°1 28890 
ee 77°15 092434 250°1 28870. 
Methylic propionate A. 79°7 0°93874, 257 *35 30040 
B...| 79°65 0 93868 257°45 | 30080 *” 
Propylic acetate A neces 101°55 091015 276 °2 "25240 ©: 
weve}, 101°55 0-91017 276°2 25220 
Ethylic propionate gt 99-0 0 -91238 272°8 25200 
B ..0 99-0 0-91242 272-95 *225240"" * 
Methylic butyrate ) eer 102 “80 0°91994 281°3 26030 ° .. 
“ » = Beewee}| 108 °75 0 -92010 281-2 26050 
» - C.....| 102°75 0 ‘92016 281 °45 * 26070 
: 102°75 0 -92003 281 °2 26070 
Methylic ae re 92°3 0°91136 - 267°55 25730 
‘ws - B. 92°3 0 -91126 267 °55 25750 


(A) Sample prepared by us. 
(B) Sample from Kalilbaum. 
(C and D) Extra samples to be described later. 


4mu2 


After the completion ‘of this research, samples of pure Pye: way 
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ethylic, and propylic acetates were mixed together, and again sepa. 
vated by fractional distillation, for the purpose of testing a new 
method. After the separation, the specific gravities at 0° were found 


to be— 


Methylic acetate 0:95937 
Ethylic acetate, a 0°92438 

ve Breccces eeeee 092437 
Propylic acetate 


The impurities likely to be present are (1) the alcohol and acid 
from which the ester has been prepared, (2) homologous esters, 
(3) water. 

Method of Purification. 


The acid is removed by repeated agitation with a strong solution 
of potassium carbonate (the solid carbonate is almost useless for 
this purpose). The ester, except when too soluble, is then washed 
several times with water, in order to remove the potassium salt of the 
fatty acid, which, in most cases, is freely soluble in the ester. The 
lower alcohols are also removed, to a large extent, by this process. 

The homologous esters, when present, can only be removed by 
repeated fractional distillation, but it is necessary first to get rid of 
the last traces of water. 

The dehydrating agents employed were anhydrous potassium carb- 
onate and phosphorus pentoxide. Potassium carbonate is useful for 
clearing the liquid when turbid owing to excess of water, but it will 
not remove anything like the whole of the dissolved water. Phos- 
phorus pentoxide, which has been employed by Linnemann and by 
Perkin, gives excellent results, for it combines not only with the 
whole of the water, but also with any residual alcohol. 

In order to make certain of the latter point, a little absolute alcohol 
was added to some of the purified ethylic formate, and the mixture 
was treated with phosphorus pentoxide. The anhydride hissed at 
first and rapidly liquefied, and much heat was evolved. The ester 
was poured off, and the process repeated until the phosphorus pent- 
oxide became merely pasty. The ester was then distilled from 
water bath, and it was found that the temperature rose 0°2° during 
the distillation. Phosphoric anhydride was added to the distillate, 
and, on the following day, it was noticed that it had formed a jelly 
with the ester, a phenomenon which was generally observed when 
the anhydride was allowed to stand for a considerable time in contact 
with a dry (and alcohol-free) ester. On again distilling the ethylic 
formate from a water bath, the boiling point was quite constant, and 
agreed with those previously observed, a conclusive proof of the 
absence of alcohol, which boils more than 20° higher than the ester: 
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In the distillation of the esters, great care was taken to prevent 
absorption of moisture from the atmosphere, the distilling apparatus 
being dried by means of a current of air passed over phosphorus 
pentoxide, and the distillate collected in a chamber containing de- 


hydrating agents. 
Part I. Expermentat Data, 


Methylic Formate. 


Sample A.—The method of preparation was similar to that described 
by Perkin (Trans., 1884, 45, 490), gaseous hydrogen chloride being 
passed to saturation into a mixture of 225 grams of methyl alcobol 
and 306 grams of formic acid, kept cool with ice-cold water. After 
standing all night, the mixture was diluted with half its volume of 
water and distilled from a water bath until the ester ceased to come 
over. The distillate, cooled with ice, was treated with a strong solu- 
tion of potassium carbonate, separated from the aqueous solution, 
and distilled from a water bath. The ester was then dried by repeated 
treatment with, and distillation from, phosphoric anhydride. It was 
fractionated four times, and was then found to boil constantly. 

Sample B.—The specimen obtained from Kahlbaum was dried as 
above with phosphorus pentoxide, and required no further purifica- 
tion. 

In every case, the ester under examination was distilled from phos- 
phoric anhydride immediately before the determination of any series 
of constants, and we have, therefore, a considerable number of deter- 
minations of the bviling point of each substance. 


Boiling Points. 


Sample B. 


Sample A. 


Temperature. 


Temperature. 


Observed. | Corrected to 
760 mm. 


Observed. | Corrected to 
760 mm. 


mm. e a ° 
753 °4 31°7 31°95 31°95 
75L°9 31 *65 31°95 748 °3 31 °5 81°9 
761 °7 31°85 31°8 759 °8 31°85 31°85 
756 °9 81°7 31°8 _—_— 

Mean.. 31°9 
Mean.. 31°9 


< 
- at the boiling point = 29 mm. per degree. 


1196 YOUNG AND THOMAS: VAPOUR PRESSURES, ETC.,. 


Although these determinations appear to agree fairly well together, 
yet there was some doubt about the constancy of the thermometer 
used; further determinations, were, therefore, made, after the. two 
-samples had been mixed together, when the investigation of this ester 
was completed. The zero point of the thermometer employed for the 
later observations, and for the boiling points of all the substances 
except the first three, rose gradually 0°1° during the 12 months over 
which the observations extended, but showed no temporary changes. 


Boiling Points with Mixed Samples. 


Temperature. 
Pressure. r A — 
mm. Observed. Corrected to 760 mm. 


755°3 316° 31°75° 
757°0 31°7 318 
760°9 31°85 318 
7643 32°0 81°85 
762°7 31°95 31°55 
751-4 31°55 

749°3 31°45 

744°2 312 

755°2 31°65 


Mean.. 31°8° 
This value, 31°8, has been adopted as the boiling point of methyl'c 


formate. 


Boiling Points by other Observers. 


Volhard, Annalen, 176, 135. 
Bardy and Bordet, Ann. Chim. Phys. 
[5], 16, 561. 
32°0—32'5° at 760 mm. .... Perkin, loc. cit. 
32:3° at 760 ,, .... Schumann, loc. cit. 
82°3—33°5° at 7542,, .... Schiff, Annalen, 220, 106. 
33 4° at 760 ,, .... Kopp, loc. cit. 


Specific Gravity. 
The specific gravities of the esters were determined by Sprengel’s 
method, as modified by Perkin; the weighings were reduced to a 
vacuum. The comparison is always with water at 4°. 


1155°.... 098674 -12°65>.... 0°98520 


; 3 09928 at 0°/4°...... Volhard 
0:98939 at 15°/15° = 10080, “se... “\ ; 
0-96948 at 25°/25° = 11-0028 . ...... srerkim- 
aces 099889 ,, sss. . _ Elsiisser. 
over 099840 ,, vase. . Kopp 


ves, 


. OF TEN OF THE LOWER ESTDBRS. 


Specific Gravities by other Observers. 


It will be seen that our determinations of the specific gravity of 
methylic formate agree extremely well with Perkin’s, but the values 
obtained by other observers are decidedly lower. On the other hand, 
our observations of the boiling point are lower than any others that 
we have found recorded, though, in some cases, the difference is not 
reat. 

: The impurities most likely to be present are methyl lashed and 
water, formic acid being easily removed by distillation or by treat- 
ment with potassium carbonate. The boiling point of methylic 
formate would be raised and the specific gravity lowered by the 
addition of methyl alcohol, but, as water is only moderately soluble 
in the ester, it seemed doubtful what effect would ‘be produced by 
the presence of this impurity, and some experiments.were made tu 
test the point. 

A quantity of the pure dry ester was saturated with water at 0°, 
and the specific gravity of the moist substance determined at 0°. It 
was found to be 1:0074. Since water is lighter than the ester, the 
increase ot specific gravity shows that there is contraction on mixing 
these liquids. 

The boiling point of the moist ester was then observed, and was 
found to be higher than that of the pure substance. The barometric 
pressure was 752°2 mm., at which the boiling point of pure methylic 
formate is 31°55°, but the moist ester began to boil at 32°7°, and the 
temperature rose slowly to 33°8°, after which it began to rise rapidly. 
After a portion of the ester had passed over, the residue in the dis- 
tillation bulb became turbid, owing to separation of water, and, when 
the temperature began to rise quickly, a very large excess of water 
The moist ester is, therefore, partially dried by distil- 


was present. 
lation. 
The specific gravity of the distillate at 0° was 1:0050. 


These results show that both the boiling point and specific gravity 
of methyl formate are raised by the addition of water, and it seems 
probable, therefore, that the samples examined ty Volhard, Kupp, 


and Elsisser contained some methyl alcohol. 


* Calculated from our results at 15° and 25°. 
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Methylic Formate, Vapour Pressures below the Boiling Point. 


The method of Ramsay and Young (Trans., 1885, 47, 42) was 
employed in these determinations. 


Methylic Formate, Vapour Pressure. 


Pressures. Pressures. 


} 


| Statical method. Statical method. 


1300 
140-0 
150°0 
160°0 
170°0 
180-0 
190-0 
200-0 
206-0 
210°0 
212-0 
213-0 
213°5 
214°0 
(critical) 


Deeeeet eee 
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The vapour pressures at high temperatures were determined with 
the pressure apparatus previously employed by one of us. The 
required temperatures were obtained, as usual, by jacketing the tube 
with the vapours of pure substances (Ramsay and Young, Trans., 
1885, 47, 640; Young, ibid., 1889, 55, 483), boiling under known 
pressures. The temperatures are those of an air thermometer. 

The vapour pressures registered by the air gauges were corrected 
for (1) the difference in level of the mercury in the gauge and volume 
tube, (2) the pressure of the column of liquid ester, (3) the tempera- 
ture of the heated column of mercury, (4) the deviation of air from 
Boyle’s law, as determined by Amagat. 

Four determinations were made at each temperature, and the mean 
pressures are given in the table, p. 1198. 

The logarithms of the pressures determined by both methods were 
mapped against the temperature, and the values read from the curves 


are also tabulated. 


Comparison of Critical Temperatures and Pressures with those of other 
Observers. 
Temperature. Pressure. Observer. 
214°0° 59°25 atm. Young and Thomas. 
212°0 61°65 ,, Nadejdine. 

250°5 _— De Heen. 


Our results agree fairly well with those of Nadejdine, and this is the 


case with all the esters investigated. , 


Volumes of a Gram and Molecular Volumes of Liquid. 


The determinations of volume were made with the pressure appa- 
ratus at the same time as the vapour pressnres. 

Two series of determinations were made with each substance, the 
first extending from the ordinary temperature to about a degree 
below the critical temperature, the second comprising a few observa- 
tions at the higher temperatures. 

The volumes of liquid in the first series below 100° (including a 
number at temperatures below 30° obtained with a water jacket) 
were mapped, and the values were read from the curve at the tem- 
peratures at which specific gravity determinations were made by 
Perkin’s method. The products of these volumes into the correspond- 
ing specific gravities gave the weight of liquid in the tube. The 
weight of liquid employed for the second series was obtained by com- 
paring its volume with that of the first quantity at several tem- 
peratures. al 
Up to about 60° below the critical point, the volumes were read 
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directly, but at higher temperatures the increasing compressibility 
of the. liquid renders this method less trustworthy. : 

The volumes were thérefore determined by a method (Trans., 189], 
59, 908) which has also been used by Amagat, and has been fally 
described by him (Compt. rend., 114, 1093). The method, which has 
given good. results in his hands, admits of the calculation of the 
specific volumes of both liquid-and saturated vapour. 

Four different readings of the volume of vapour and of the total 
volume of substance were taken at each. temperature, the volume of 
liquid being in each case the difference between the two. 

Let V and V' be the volumes of liquid’ at either of the two alter: 
nate readings at any given temperature, and v and v’ the correspond. 
ing volumes of saturated vapour ; then 


where R is the ratio of the specific volume of saturated vapour to 
that of liquid. 

For each of the four readings the volume of liquid if all the vapour 
were condensed, would be 


V+ 


while the volume of saturated vapour, if all the liquor were vapor. 
ised, would be 


vo + RV. 


The volumes of liquid and of saturated vapour (calculated as above), 
divided by the weight of substance, give the volumes of a gram. 

The table, p. 1201, contains the volumes of a gram of each sample, 
the volumes read from curves constructed from the observed values, 
and the molecular volumes calculated from the smoothed volumes of 
a gram. 

The critical volumes were calculated from the critical densities 
obtained by the method of Cailletet and Mathias (Compt. rend., 102, 
1202 ; 104, 1563; 115, 35). 

The molecular weight was taken to be 59°86. For the atomic 
weights of carbon and oxygen, the values given in F. W. Clashes 
Constants of Nature were adopted. 


Volumes of a Gram and Molecular Volumes of Saturated Vapour. 


At temperatures near the critical point, the volumes of saturated 
-vapour were calculated, by the method just described. For tem- 
peratures from about the boiling point under atmospheric pressure 
to within 30° or 40° of the critical point, the method devised by one 
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‘Methylic Formate, Volumes of Liquid. (Molecular Weight = 59°86.) 


Volumes of a gram. Volumes of a gram. 


Temp. 
A. 


° 
9968 | 59°67 | 130-0 
‘0112 | 60°53 | 140-0 
0262 | 61°43 | 150-0 
0419 | 62°37] 160-0 
0585 | 63°36 | 170-0 
0760 | 64°41 | 180-0 
-0949 |. 65°54 | 190-0 
‘1151 | 66°75 | 200-0 
-1360 | 68-00 | 206-0 
“1582 | 69°33 | 210-0 
“1831 | 70°82 | 212-0 
2100 | 72°43 | 213-0 
72392 | 74°18 | 213°5 


a 
S 
i 


SSSSSESSS SC. 
ll el 
z Beat 
; i=) 


Critical density (C.and M.).... 0°3494. 
volume of agram...... 2°82. 


- molecular volume...... 171°3. 


of us (Trans., 1891, 59, 37), and described in the tables as the “sealed 
tube method,” was employed. Two of these tubes were used ; in the 
first, the volume of vapour was not Jess than eleven times as great as 
that of the liquid; in the second, the volume of vapour was about 
twice that of the liquid. The first tube was employed for the lower 
temperatures, at which the specific volume of the saturated vapour 
is very much greater than that of the liquid ; the second tube was used 
for the higher temperatures. 

Since the volumes of a gram of liquid had already been deter- 
mined, it was only necessary to take one reading—with the whole of 
the liquid and vapour heated—at each temperature (loc. cit., p. 45). 
The weight of substance was ascertained from the volumes of liquid 
at 0°, and at one or. two other low temperatures, correcting for the sub- 
stance present in the form of saturated vapour, the density of which 
would be normal under such conditions. 

The ratio of the specitic volume of saturated vapour to that of 
liquid at any temperature is given by the equation 

R= 


=o. an 
V ran ache . 
where v is the wolume of saturaied vapour, V’ the read volume of 


liquid, and V the volume which the liquid would occupy if all the 
vapour were condensed. The values of V were calculated by muiti- 


1202 YOUNG AND THOMAS: VAPOUR PRESSURES, ETC., 


plying the known volumes of a gram of liquid at each temperature 
by the weight of substance in the tube. 

The volume of a gram of saturated vapour = RV. 

The table below contains the volumes determined by both methods, 
and the smoothed values obtained by mapping the logarithms of the 
volumes against the temperatures. The molecular volumes, calcu- 
lated from the smoothed volumes of a gram, are also given. 


Methylic Formate, Volwmes of Vapour. 


Volumes of a gram. 


Pressure apparatus. | Sealed tube method. Mol. vol. 


*[. il. 


449 °0 


SBE; pyr 


bo 
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et et 


300 
40°0 
500 
60°0 
70°0 
80°0 
90-0 
00°0 
10°0 
20°0 
30°0 
40°0 
50°0 
60-0 
70°0 
80 0 
900 
‘0 
0 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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i) 
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a 
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| | 


. Tube with much vapour, 
~ =» » ee ‘es 


Ethylic Formate. 


Sample A was prepared from 187 grams of alcohol and 195 grams 
of formic acid by saturating the mixture with hydrogen chloride. 
After standing all night, it was diluted with an equal bulk of water, 
and distilled from a water bath. The method of purification was the 
same as with methylic formate; the boiling point was constant after 
six fractionations. 
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tne Sample B was obtained from Kahlbaum. After neutralisation with 
tassiuam carbonate and repeated treatment with phosphorus pent- 
oxide, it was found to boil constantly. 
ods, 
the Table of Boiling Points. 
leu. 
A. B. 
— Temperature. Temperature. 


Pressure. 


Observed. 


Corrected to 
760 mm. 


Observed. 


Corrected to 
760 mm. 


54:0 54 25 753 °9 53°95 54°2 

754°7 53°7 54°25 763°9 54°55 54°4 

én 768 *4 54°7 54°4 756-7 54°3 54°4 
54:7 54°4 


54°3 


op 


7 at the boiling point = 27 mm. per degree. 


Further Determinations of Boiling Point with the Mixed Samples. 


53 9 


Temperature. 
Pressure. cr en —_ 
mm. Observed. Corrected to 760 mm. 
762°9 54°45° 54°35° 
755°2 541 543 
760°4 543 54°3 
. 53°95 54°25 


Mean.. 


Boiling Points by other Observers. 


53'4—53'6 at 7545 mm...........0. Schiff. 

55°0 Stee a ecseece -.+--  Gartenmeister. 
54:4 CTD as Wweaddescocs Schumann. 
529 GTEe ws wéedevsvceee Pierre. 

543 SAREE ob) dcreeeees oeed Andrews 

549 GEE 4s és cbkebebaus Kopp. 

542 CD  cte~ dbdoties Perkin. 

55°7 CR te seveeevebed Pawlewski. 


54°3 


54°3 
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Our results agree well with those of. nampa Andrews, and 
Perkin. 
Specific Grentty:> 
B. 
O°....62-. 094796 
12'15°.... 093273 135° ..... 0°93108 


Specific Gravities by other Observers. 


09445 at 0°/0° = 09444 at 0°/4°.... Gartenmeister. 
0°93757 ,, .... Elsisser. 
09064 at 20°7/4° = 09313 ,,  .... Bribl. 
0°92987 at 15°/15° = 09480 rem. | 
0°91881 at 25°/25° = 0°9481 - ee80 - 
093565 ,,- .... Pierre. 


Our results, it will be seen, are again’ in closer agreement with 
Perkin’s than with those of other observers. 

The influence of water on the boiling point and specific gravity of 
ethylic formate was studied in the same manner as with methylic 
formate. In this case also the specific gravity at 0°, 0°95028, of the moist 
ester (not quite saturated at 0°) was higher than that-of the pure sub- 
stance, but as water is heavier than the ester, and as the amount of 
water present was unknown, there is nothing to show whether con- 
traction takes place on mixing the liquids. 

The behaviour of moist.ethylic formate on distillation is quite dif- 
ferent from that of moist methylic formate, for the boiling point is 
lower than that of the pure ester, and the first portions of the dis- 
tillate are turbid, owing to excess of water. As the distillation pro- 
ceeds, the turbidity disappears, and at the same time the temperature 
rises, but in the case observed it did not reach the true boiling point 
of the dry ester. | 

The distillate contains relatively more water than the residue in 
the distillation bulb, whereas when moist methylic formate is dis- 
tilled, the distillate contains relatively less water than the residue. 

The results obtained are given below. 


Bar. = 7510 mm. Temp. = 52°6 to 53°65. 
Boiling point of pure ester at’ 751 mm, pressure = 53° 95° 


When subjected to prolonged . heating at. the highest temperatures, 
ethylic formate::was found. to undergo a cettain amount.of decom- 
position. .Observations of the critical temperature and pressure were 
therefore made with a short tube, raising the temperature at once to 
the critical,..so:as to reduce the chances jof. decomposition to a 
minimum. After the determination of the critical constants, readings 
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' t 


. Ethylic Formate, Vapour Pressures below the Boiling Point. © 
. ee if i 
- A. oe 


Temp. | Press. | Temp. . Temp. 


‘ mm. — ° 
—21°7° 57°25 | —4°25 
—20°2 76°9 +1°2 
-—17°05 | 105°2 7°15 
-15°9 130 °6 11°7 
-10°0 166°5 .| 16°9 
— 8°8 


Ethylic Formate, Vapour Pressures. 


Pressures. Pressures. 


Statical method. : Statical method. 
’ From 


curves. 


_B. 


SEIZES 


to 
— 
o 


28530 
30875 
32940 
34405 
2950 284-0 34910 
3782 8 (235 °3 35650 
4778 ‘0 FE 1 235 °35 35575* 
5954 


S6666690606 


to 
& 


1706 . 
2265 


SSISSESBSCEM 


ical 
robo 
3S 
oo 


c 


* Separate determinations of critical constants only. 


1206 YOUNG AND THOMAS: VAPOUR PRESSURES, ETC., 


of pressure were in both cases taken at 149° and 150°, and the agree. 
ment between these and the previous determinations—made before 
the liquid had been strongly heated—shows that scarcely any decom. 
position had taken place. 


Pressure. 


After heating to 

Before heating to critical point. 
critical pcint. rc A ~ 
Temperature. A. A. B. - 
140° 7360 mm. 7364 mm. 7365 mm. 


150 8954 ,, 8969 _,, 8964 ,, 


f 


Comparison of Critical Temperatures and Pressures with those of other 
Observers. 


Temperature. Pressure. Observer. 
235°3° 46°83 atm. Young and Thomas. 
230°0 487 ,, Sajotschewski. 
233°1 49°16 ,, Nadejdine. 
238°6 — Pawlewski. 


Ethylic Formate, Volumes of Liquid. (Molecular Weight = 73°83.) 


Volumes of a gram. Volumes of a gram. 


a. | From A. 


curve. 


| 
| 


77°88 | 140°0° 
78°93 | 150-0 
80°02 | 160°0 
81°18 | 170°0 
82°37 | 180°0 
83°64 | 190°0 
84°97 | 290°0 
86°33 | 210-0 
87°80 | 220°0 
89°37 | 225-0 
91°01 | 280-0 
92°81 | 283-0 
94°70 | 234-0 
96°79 | 284°6 


_ 
S 
or 
& 


*1C05 
“1160 
1325 
"1505 
"1695 
*1890 
2105 
2325 
*2565 
*2830 
3115 


— 2 ace ct >». 


Plt Ttdd 


SSSSssssees. 


all ell eel ll oll ol 
J e . . . . . . . . . * . * 


1°3435 
1 *3775 
1 -4180 
1-4610 
1 5125 
1 *5735 
1 *6485 
1°7470 
1°8900 
1°9945 
2°1580 
2 +3405 
2 °4265 
2 -4935 


a nn 
—_, - | _ 


_ 

& 
~ 
ow 
_ 
_ 
Oo 


Critical density (C. and M.)........ 
» Volume of @ gram........eeeeees 
» molecular volume ........0+.: 
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Ethylic Formate, Volumes of Vapour. 


Volumes of a gram. 


Pressure apparatus. | Sealed tube method. 


w 


A. | ° I. | II, 


eee 
SSeSeRese 


[| | | Sere aes 
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RASA SAD PAM ARD 
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SES 
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4°45 
1°80 
9 37 
7°22 
6 32 
5°29 
4°50 
4°30 


i OAT 
no 
or 


Methylic Acetate. 


A.—The method recommended by Perkin (Trans., 1884, 45, 
491) was adopted, 220 grams of acetic anhydride being added slowly 
to 60 grams of boiling methyl alcohol, and the mixture afterwards 
boiled for two hours. It was then distilled until the temperature 
rose to 100°. After 12 fractionations, the substance, distilled from 
phosphorus pentoxide, boiled quite constantly. 

B.—An attempt was made to dry this sample with calcium chloride, 
but the results obtained were not satisfactory, owing to combina- 
tion of the chloride with the ester (Annalen, 5, 36). The substance 
was dried as usual with phosphorus pentoxide and required no frac-- 


tionation. 
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Boiling Points. 


A. | B. 


Temperature. Temperature. 


Pressure. Pressure. | 
Observed. | Corrected to Observed. | Corrected to 
760 mm. 


57°4 
57°66 


Mean .. 


op at the boiling point = 27 mm. per degree. 


As in the case of methylic formate, the want of agreement here is 
probably due to changes of zero point in the thermometer employed. 
Owing also to the small number of determinations, the mean results 
for the two samples are less trustworthy than with the other esters. 


Further Determinations with the Mixed Samples. 


Temperature. 
A 


Pressure, 
mm. 
762°1 
754'9 
755°6 
761°2 
7643 
7518 
749°3 
744°6 
755°2 


Corrected to 760 a, 

P 57°15° 
57°15 
57°71 
57°15 
57°15 
57°05 


57°1 


or 


ar 
D 
ro 
= 
4 
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=~] 7 
St or 
° 


Wn 6 On 7 
or 


co sy aI 
qr or 


PRADWIISS 


Gr Ot Or Or Or Or en Gt 


57° 
5 


1 
715 


Mean... 957°1° 


This value 57:1° has been adopted as the boiling point of methylic 
acetate. 
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Boiling Points by other Observers. 


56°3° at 760 mm. ..........-. Kopp. 
573 9) te eeeeeeesee Gartenmeister. 


575g, of esnesncecess MEG 
55°0 at 754°4mm.........+++2 Schiff. 
59°5 at 7612 ,, ............ Pierre. 
57°5 at 760°0 ,, ...e.eee--.- Perkin. 


Specific Gravity. 
A. B. 
0 ......2. 095934 O°.....0-. 0°95929 
14°45° .... 0°94097 14°27°.... 0°94110 


Specific Gravities by other Observers. 
09562 at O0°.... Kopp. 
0°9642 .. Gartenmeister. 
0°95774 Elsisser. 
0°86684 coon Saeee. 
0°93975 at 15°/15° = 0°9575 Perkin. 
0°92858 at 25°/25° = 0°9572 


Methylic Acetate, Vapour Pressures below the Freezing Point. 
A. 


Press. | Temp. | Press. | Temp. . | Temp. . | Temp. 


mm. ™ mm. | ‘ - 
19 °6 —19°45 | 43°3 . : F 2 36°15 
24°9 —15°'8 48°35 : : . 41°05 
28°15 | —13°65 | 57°6 , : ‘ 45 05 
33°35 | —10°95 | 61°65 ‘ 49-55 
35°05 | — 9°95 | 68°45 : 5 3d * 53 °6 

38°2 — 8°65 82°15 ; P 56°45 


aadaded 
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Methylic Acetate, Vapour Pressures. 


Pressures. Pressures. 


Statical method. Tem- Statical method. 
perature. 


A. B. 


o 
120°0 
130 °0 
140°0 
150°0 
160°0 
170-0 
180°0 
190°0 
200-0 
210°0 
220 -0 
230°0 | 
233°7 | 

(critical) 


Methylic Acetate, Volumes of Liquid. (Molecular Weight = 73-83.) 


Volumes of a gram. Volumes of a gram. 


s 


From , From 
curve. 7 curve. 


0424 | 76°96 
“0565 | 78°00 
*0709 | 79°06 
‘0860 | 80°18 
"1019 | 81°35 
‘1187 | 82°59 
‘1363 | 83°89 
*1544 | 85°23 
*1738 | 86°66 
"1942 | 88°17 
*2163 | 89°80 
“2406 | 91°59 
‘2670 | 93°54 
*2961 | 95°69 


3276 
3626 
*4020 
4477 
“4991 


te 
. . . . . . . . . . 

ed 
ee 
tad ee ke ee 
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. . . J * e 2 hd 


"2965 


Critical density (C. and M.).......+00 
» volume of a 
» molecular volume,..........+. 
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Comparison of Critical Temperatures and Pressures with those of other 
Observers. 


Temperature. Pressure. Observers. 
233°7° 46°29 atm. Young and Thomas. 
229°8 576s, Sajotschewski. 
232-9 47°54 ,, Nadejdine. 
239°8 -- Pawlewski. 
278°7 oa De Heen. 


Methylic Acetate, Volumes of Vapour. 


Volumes of a gram. 


Pressure apparatus. | Sealed tube method. Mol. vol. 


> 


II. 


eoeae 
SSrar 
aAandss 


oo 
Peo + GRRE REReeee 
B 
i) 
OIORSIESEES) yy | | 


S883 
od 
ligi 


SLTPE TEEPE IT IIPIttt 


Srwac 

ae 

os i 

~ 

us 

SOR AOS . * . . * 
Sasg AAwWwao 


onmADISH RIK SSSSSES 5S 
SSBSLSRARSSUSR MAES 


PELE R SEER ESEE 


CO > mh OX 
Oe 
0 
II 


Propylic Formate, 


A.—Prepared by saturating a mixture of 270 grams of formic acid 
and 352 grams of propyl alcohol with hydrogen chloride. As no 
separation of the ester appeared to take place on the addition of water, 
a large quantity of sodium carbonate was added. The purification of 
the substance was carried out in the usual manner. After repeated 
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treatment with phosphoric anhydride, the substance was fractionated 


eight times. 


B.—This sample was treated frequently with phosphorus pentoxide 


and was fractionated 12 times. 


Note.—For the fractionation of this and the remaining esters, a still 


head a metre long was employed. 


Boiling Points. 


A. 


B. 


Temperature. 


Corrected to 


Observed. 760 mm. 


Temperature. 


Pressure. 


@dewreed. Corrected to 


° 


SOR8 


on 


S| SSSssse 
oe] ddd 


SeSSSSE, 
SSK cree 


= 
© 
ra) 
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2B at the boiling point = 25 mm. per degree. 


Boiling Points by other Observers. 


82°7° at 760 mm......... 
82°5 = 
81:0 ~ 
81:0 “ 
80°5—81°5° at 760 mm... 
80°0 at 760 mm......... 


Pierre and Puchot. 
Schiff. 
Gartenmeister. 
Schumann. 
Perkin. 
Winkelmann. 


Specific Gravity. 


A. 
Pesccvods 


16°65 °.... 


092866 
090950 


B. 
Wacneadés 


13°70°.... 


0-92870 
0°91305 


OF TEN OF THE LOWER ESTERS. 1213. 


Specific Gravities by other Observers. 


0°9197 at 0°.... Pierre and Puchot. 
0°9188 eee “ 
0:9055 oi Schiff. 

0'9250 at0°/0° = 0:9249 ‘ Gartenmeister. 
0:9184 ‘ Elsisser. 

0°90989 at 15°/15° = 0°9263 ein Perkin. 

090016 at 25°/25° = 0°9261 si or 
0°9350 ‘a Winkelmann. 


Our determination again agrees best with Perkin’s. 


Propylic Formate, Vapour Pressures below the Boiling Point. 
A. 


Temp. . | Temp. - | Temp. 


e-) 
3 
a 


B 
8 


° ° “4 ° 
71 : 57 °3 
11°75 : 61 *85 
17°05 4 F 66°75 
20°25 : 71°75 
24°15 ' 76°2 
27 95 . 80°75 


7: 
9: 
14° 
19° 
23° 
28 - 


13°75 | —7°2 30°65 6°05 63 °5 19°75 
18°5 | —2°45 38°95 | 10°25 | 237°3 48°75 
24°15 | +1°9 49°55 | 14°95 | 741°0 80°2 


128°1 34°6 267°1 51°8 525 °6 69°95 
151°3 38°25 | 314°4 55°95 | 607°6 74°25 
180 °9 42°4 380°9 61°0 669°7 77 °C5 
221°8 47°15 | 453°0 65°75 | 749°8 80°55 


Owing to the fact that propylic formate decomposes on heating 
even more rapidly than ethylic formate, special precautions were 
taken in the determination of the critical constants and of the vapour 
pressures and volumes near the critical point. Observations were 
made with five separate quantities of the ester. 

Sample B.—1. The substance was heated to each 10° up to 230° in 
the ordinary volume tube. 

2. Readings were taken with a short volume tube at 100°, 240°, 
and 250° before the critical temperature, and at 260° afterwards. 

3. The liquid was heated in a specially constructed tube (Trans., 
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1891, 59, 917), in which contact of hot mercury with the ester was 
avoided. Readings were taken at 250°, 260°, and at the critical 
temperature. 

Sample A.—4. The short volume tube was used, and only the 
critical constants determined. 

5. The short tube was again employed and readings were taken at 
100°, 250°, and 260°. 


Propylic Formate, Vapour Pressures. 


Pressures. Pressures. 


: . ‘ | 
Statical method. Tempera Statical method. | 
From 
curves. 


B. . B. 


mm. | mm. 
4558' | 4560 
5605 | 5617 
6797 | 6808 
8177 | 8175. 
9734 | 9739 
11560 | 11520 
13575 | 13535 
15870 | 15865 
18465 | 18495 
21425? | 21455 
(rere }asr7s 
(sou? } 244s 
30555? d 
(critical) 30645° } soass 


5 
3 


Dee eeeeene: 
Reeeeeeee 


bo 
§ 
a) 
or 


A. 
mm. 
1345° 


Comparison of Critical Constants with those of other Observers. 


Tempereture. Pressure, Observers. 
264°85° 40°06 atm. Young and Thomas. 
260°8 427 ,, Nadejdine. 
267°4 — Pawlewski. 
260°5 -- De Heen. 
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* Was Propylic Formate, Volumes of Liquid. (Molecular Weight = 87°80.) 
itical 
h Volumes of a gram. Volumes of a gram. 
From B From 
nD at . curve. ‘ curve. 


1°3292 
1 °3570 


3 


94°54 
95°72 
96 -93 
98°18 
99 47 
100 *83 
102 °23 
103 °71 
105 *26 
106 ‘91 
108 *66 
110-49 
112 -40 
114 46 
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Critical density (C and M).......++++ 
volume of & ZraM..seseessece 
molecular volume .....+see+e 
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Propylic Formate, Volumes of Vapour. 


Volumes of a gram. 


Pressure apparatus. | Sealed tube method. : Mol. vol. 
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Ethylic Acetate. 


A.—The method of preparation was the same as with methylic 
acetate, 238 grams of acetic anhydride being heated with 95 grams 
of ethyl alcohol. 

After a preliminary series of fractionations to remove the acetic 
acid, the substance was repeatedly treated with and distilled from 
phosphorus pentoxide; the water and alcohol were thus removed and 
the ester obtained in a pure state. 

B.—This sample appeared to contain nu impurities but water and 
perhaps a little alcohol, and these were rapidly removed with phos- 
phorus pentoxide. 


Boiling Points. 


B. 


Temperature. Temperature. 


Pressure. | Pressure. 


Corrected | Corrected 
Observed. to 760 mm, Observed. to 760 mm. . 


77°15 750 *9 76°75 
77°15 758°8 77-05 
77 “00 77°10 750°9 76°75 
76°75 77-15 755°3 76°95 
a SS 77-4 
Mean ..| 77°15 756 °2 77-0 
751 °7 76°8 


| Mean . 


76°75 


| 
| mm 
76°65 | 


4 


5 ot the boiling point = 25 mm. per degree. 


Specific Gravities. 
A, B. 
Prvave «+» 092438 O°...ee0.. 092434 
18°15°.... 0°90286 19°9° ..... 090070 


The boiling points and specific gravities by other observers have 
already been given (pp. 1191, 1192). 

The specific gravity at 0° agrees best with the values obtained by 
Perkin and by Zander, and fairly well with those of Briihl, Linne- 
mann, and Elsisser. 
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Ethylic Acetate, Vapour Pressures below the Boiling Point. 
A. 


Temp. - | Temp. . . | Press. | Temp. 


mm. ‘ 
441°8 61°6 
503 °5 65°3 
569-0 68 °55 
606 *4 70°55 
669 8 73°45 
749°2 76°65 


ore Bs | 
on 


aS & 1 @° 


bo bo bo —_ 
Sees 

S cr 

nr 


Ethylic Acetate, Vapour Pressures. 


Pressures, Pressures. 


Tempera- 


Statical method. Rae F ture. Statical method. — 


curves. curves. 


5 
5 


mm. 7 
6°55 140°0 
12°95 150°0 
24°3 160°0 
42°7 170°0 
72°8 180 ‘0 
118°7 190°0 
186 °2 200-0 
282 *2 210°0 
415 °4 220°0 
596 °3 230°0 
832°7 240 °O 
1130°0 245°0 
1515°0 247°0 
1995 °O 249-0 
2585 *0 250°0 
3300 °O 250°1 

(critica!) 
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Ethylic Acetate, Volumes of Liquid. (Molecular Weight = 87-80.) 


Volumes of a gran Volumes of a gram. 


Temp. . “| Temp. l 
rom A. 


curve. 


“0818 
“0959 
‘1105 
1255 
1413 
*1579 
1753 
"1939 
2129 
*2328 
"2544 
2770 
*3016 
*3275 
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Critical density (C. and M.) ........se00. 
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Pressure apparatus. | Sealed tube method. Mol. vol. 
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Comparison of Critical Constants with those of other Observers. 
Temperature. Pressure. Observers. 
250°1° 38°00 atm. Young and Thomas. 
239°8 42°2 -,, Sajotschewski. 
249°5 39°65, Nadejdine. 
256°5 _- Pawlewsi. 
275°7 —- De Heen. 


Methylic Propionate. 

A.—A mixture of 300 grams of propionic acid and 128 grams of 
methyl alcohol was saturated with hydrogen chloride; the ester, 
separated by the addition of water, was neutralised and dried in 
the usual manner. Sixteen fractionations were required in order 
to obtain the substance in a pure state. 

B.—This sample was treated with phosphorus pentoxide and frac- 


tionated 18 times. 


Boiling Points. 
| 
| 
| 


A. B. 


Temperature. Temperature. 


Pressure. | Pressure. 


C ted to | o 
Observed. 5 peers al \Observed. | 


* @«0 


79°2 
79°55 
79-05 
79°1 
79°75 


7-7 <7 7 
OOOO 
srt 


. | 
! 


~T 
© 


Mean.. 


e at the boiling point = 25 mm. per degree. 


Boiling Points by other Observers. 


79°5° at 760 mm Kahl] baum. 
79°9 - Schumann. 


80:0 Pawlewski. 


78°5—79°5° at 765°8 mm. ....... Schiff. 
70S ab TOO mm. .. cose ccccccces Gartenmeister. 


Specific Gravity. 
A. . 
O°..eee00. 0°93874 0°........ 093868 
185°..... 0°91700 16°4°..... 0°91945 
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Specific Gravities by other Observers. 
09578 at 0°.....ce..eeeee0e- Kahlbaum. 
PEGE “wm cbccccecesececese TOR 
O°9403 =, cecccccccceseceee Gartenmeister. 


Methylic Propionate, Vapour Pressures below the Boiling Point. 
A. 


Press. | Temp. | Press. 


= mm. 
+0°45 102 *85 
5°85 | 124°1 
10°85 151°5 
15°7 186 °0 
20 °6 224 °7 
24 °6 273 6 
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Methylic Propionate, Vapour Pressures. 


Pressures. Pressures. 
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Comparison of Critical Constants with those of other Observers. 


Temperature. 
257°4° 
255°7 
262°7 
261°0 


Pressure. 
39°52 atm. 


39°88 


” 


Methylic Propionate, Volumes of Liquid. 


Observers. 
Young and Thomas. 
Nadejdine. 
Pawlewski. 


De Heen. 


(Molecular weight = 87°80.) 


Volumes of a gram. 


B. From 


curve, 


Yolumes of a gram. 


| 
| 
| 
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A. | B From 


{ . curve. 


"0653 
*0790 
“0928 
"1072 
*1221 
*1377 


“1075 
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-1540 
1715 | 
*1855*, 
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+2290 | 
"2505 | 
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‘3235 | 1° 
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93 °53 
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99 °89 
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102 *84 
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107 *90 
109 *80 
111°81 
113 °95 
116 °24 


150° 
160 
170 
180 
190 
200 
210 
220 
230 
240 
245 
250 
253 
255 


256 


3531 
"3849 
*4195 
4585 
“5022 
5515 
‘6111 
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volume of a gram. .. 
molecular yolume...... 


* Temperature — 78'1°. 
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Methylic Propionate, Volumes of Vapour. 


Volumes of a gram. 


Pressure apparatus, | Sealed tube method. 
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Propylic Acetate. 


A.—This acetate was not prepared from the anhydride, but by 
saturating a mixture of 250 grams of acetic acid and 250 grams of 
propyl alcohol with hydrogen chloride. The ester was separated 
with water, neutralised with potassium carbonate, and, after washing 
four times with water, was treated first with potassium carbonate and 
lastly with phosphorus pentoxide. It was fractionated 12 times. 

B.—The ester was neutralised, washed, and dried in the same 
manner as the first sample; it was fractionated 18 times. 
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Boiling Points. 


Temperature. 


| Pressure. 
Corrected to 


760 mm. Observed. 


Observed. 


101°6 101 °55 744°9 
101°7 101 °55 
101°8 101 *55 
101 °75 101-55 
101-45 101°6 

101 °75 101 °55 


Mean.. 101 *55 


| 
mm. | 


ze at the boiling point = 23 mm. per degree. 


Boiling Points by other Observers. 
103°0° at 760 mm......... Pierre and Puchot. 


102°0 at 750 ,, Rossi. 
102—103° at 760 mm Perkin. 
101-98 Linnemann. 


100°8 Schumann. 
100°3 P Pawlewski. 


Specific Gravity. 


0°91015 0-91017 
.. 0°89082 15°95°.... 0°89269 


Specific Gravities by other Observers. 
0910 at0O°.... Pierre and Puchot. 
0-913 — 
0°89331 at 15°/15° = 0°9090 ,, .... Perkin. 
0°88398 at 25°/25° = 09087 ,, .... . 
08992 at15°/4° = 09158 ,, .... Linnemann. 
0°90909 ,, .. Elsisser. 
09093 ,, .... Gartenmeister. 
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Propylic Acetate, Vapour Pressures below the Boiling Point. 


A. 


Temp. 


Press. 
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Propylic Acetate, Vapour Pressures. 


! 
Tem- 
perature. 


Pressures. 


| Statical method. | 


From 


curves, 


Pressures. 


Statical method. 


| 
From 


curves. 


| 


160 ‘0° 
170°0 
180-0 
190 ‘0 
200 °0 
210°0 
220°0 
230 °0 
240°0 
250°0 
260 °0 
266 -0 
270°0 
273 °0 
275°0 
276 °2 
(critical) 


mm. 
3441 
4269 
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Propylic Acetate, Volumes of Liquid, (Molecular Weight = 101°77.) 


‘Volumes of a gram. 


Mol. 
vol. 


Temp. | 


Volumes of a gram. 


Mol. 


A. 


vol. 


1395 
*1545 
*1690 
1855 
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*2190 
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"2565 
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*2995 
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1°3695 
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134°43 
136 *86 
139°48 
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145-45 
148-88 
152 64 
156 °87 
161 °50 
167°20 
173°80 
182 +20 
192-40 
207 *35 
220-70 
234-90 
| 250 °50 
| 270-00 
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volume of a gram ....... 


molecular volume..........s+e0. 


Propylic Acetate, Volumes of Vapour. 


Volumes of a gram. 


Pressure apparatus. 


Sealed tube method. 


I. 


II. 


Mol. vol. 


ee pow 


2SeRgezss 
| pwooO hms 


AS 


SS@RaaASSS 


geleek 


a 
OO 


fi |||) Ses8eee 
WoOSLaEwaoc 


wascsacd 


wdadcadnwed 


cv 


caansesseset 


awe Sh 
P— SSeesRr™ 


1226 YOUNG AND THOMAS: VAPOUR PRESSURES, ETC., 


Cumparison of Critical Constants with those of other Observers, 


Temperature. Pressure. Observers. 
276°2° 33°16 atm. Young and Thomas. 
276°3 348, Nadejdine. 
282°4 — Pawlewski. 

2645 — De Heen. 


Ethylic Propionate. 

A.—The ester was prepared by saturating a mixture of 196 grams 
of ethyl alcohol and 315 grams of propionic acid with hydrogen 
chloride. 

A and B.—The method of purification of both samples was the 
same as usual. Sample A was fractionated 16 times, B 6 times. 


Boiling Points. 


A. B. 


| 


Temperature. Temperature. 


| Pressure. 


Observed. | _—— Observed. Corrected to 


98-8 
98°85 
98°75 
98°8 
98 *85 
Mean.. 99 0 | Mean.. 
| 


2 at the boiling point = 23 mm. per degree. 


Boiling Points by other Observers. 


97°7—97°9° at 753 mm......... Kopp. 

98°3 at 760 mm ‘ Schumann. 

98°3 Weger. 

98°5 err Pawlewski. 

98°8 ee .. Schiff. 

98°8 Linnemann. 

99°1 , n . Israel. 

99°5 eT —- i  « 
99'°5—99'°8 at 760 mm. ....... Perkin. 

100 at 760 mm. .........-.+++- Pierre and Puchot. 
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Specific Gravity. 
A. B. 
O..csccee 091238 Civocckcss’ SCR 
16°65°.... 0°89376 177° ..ee2 0°89259 


Specific Gravities by other Observers. 


09231 at O°.... Kopp. 

0°91238 .» Elsiasser. 

0°91224 -. Weger. 
08964 at 16°/4° = 09147 ‘ Linnemann. 
0°8945 at 17°/4° = 0°9137 “ 
0°8900 at 19° = 09112 : Israel. 

0°9143 .-- Winkelmann. 
0°89579 at 15°/15° = 0°9119 .. Perkin. 
088628 at 25°/25° = 09117 , ” 

0°9139 aes Pierre and Puchot. 
09175 at 14°/4° = 0°9336 De Heen. 


0°9109 oe Naccariand Pagliani. 


Our results agree perfectly with Elsisser’s, and are in good agree- 
ment with Weger’s. 


Ethylic Propionate, Vapour Pressures below the Boiling Point. 


Temp. . | Temp. 


79°05 
83°35 
87°65 
91°8 
95°7 
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Ethylic Propionate, Vapour Pressures. 


Pressures. Pressures. 


Statical method. Tem- Statical method. 
From perature. 


curves. 


A | B. 


mm. . mm. | mm. 
4°05 “ 3657 | : 
8-30 ; 4505 | 
15 *55 ‘ 5487 
27°75 ‘ 6619 | 
47°75 ’ 7934 
77°9 , 9456 | 
123 °0 ‘ 11195 
188-0 | 13145 | 
279-9 240°0 | 15425 
403 °6 250° 17970 
569°5 ‘0 || | 
785 ‘0 
1048 1052-0 
120 1386 1388 °0 
130 1801 1803 0 
140 2316 2312-0 
150 2920 2924°0 


Ethylic Propionate, Volumes of Liquid. (Molecular Weight = 101°77.) 


lyolumes of agram. | Volumes of a gram. 


Temp. 


curve. | 


‘8760 | 140-04 
4055 | 143-04 
146 *25 
149 ‘77 
153 61 
157 “96 
163 -00 
| 168 °85 
176-05 
185 -00 
| 196-45 
| 214°50 

228 -20 
| 240-80 
| 253°30 


— . 111° 
112° 
114° 
115° 
117° 
118° 
120° 
122° 
124° 
126° 
127 ‘99 
130 ‘08 
132 °31 
134 °72 
187 °28 


*1380 
*1530 
*1680 
1850 
*2025 
2195 
*2380 
*2570 
2785 
*3000 
"32380 
"3495 
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Critical density (C. and M.) ...... 
volume of @ gram .......seeceeees 
molecular volume ..........+¢+ 
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Comparison of Critical Temperatures and Pressures with those of othex 
Observers. ar 
Temperature. Pressure. Observers. 
272°9° 33°16 atm. Young and Thomas. 
272°4 34°64 ,, Nadejdine. 
280°6 _- Pawlewski. 
279°5 — De Heen. 


Ethylic Propionate, Volumes of Vapour. 


Volumes of a gram. 


Pressure apparatus. | Sealed tube method. Mol. vol. 
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Methylic Butyrate. 


The preparation of Sample A, and the purification of both samples 
were carried out in the usual manner. For Sample A, 128 grams 
of methyl alcohol and 352 grams of butyric acid were used. 

Although the long still head was employed, a great number of frac- 
tionations were required, and the yield of pure substance from both 
samples was ver'y poor, owing to the presence of impurities boiling 
both higher and lower than methylic butyrate, but with boiling points 
probably not far removed from that of the butyrate. The fractiona- 
tion of a liquid containing such impurities is necessarily a tedious 
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process, but we hope to show elsewhere how the difficulty may be to 
some extent overcome, and how the yield of pure substance may he 
increased. 

As a full account of the theory and practical application of the 
method will be given in the separate paper, it will be unnecessary to 
discuss it here. It may be mentioned, however, that in each frac- 
tionation after the fifth or sixth, the first few drops of the distillate 
from the first fraction were rejected, and these small portions were 
collected together in a separate receiver. The residue in the bulb at 
the end of each fractionation was also rejected, and all these residues 
were collected together, but were kept apart from the first portions of 
the first distillates. 

In this way, two quantities of impure methylic butyrate were 
gradually accumulated, one containing the low boiling but no high 


Boiling Points. 


Temperature. Temperature. 


Pressure. 


Observed. 760 mm. Observed. 760 mm. 


Corrected to | Corrected to 


102-8 
102 *35 


Mean .. 
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°° at the boiling point = 23 mm. per degree. 
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boiling impurities; the other containing the high boiling impurity 
but none of the low. 

_As two different samples of methylic butyrate were fractionated, 
there were two separate quantities of ester containing impurity of 
low boiling point, and two containing impurity of high boiling point. 
It was not thought necessary to treat all four quantities separately, 
and the low boiling portions from the two samples were therefore 
mixed together and were then fractionated ; the high boiling residues 
were similarly treated. In this way samples C and D, both consider- 
ably larger than A or B, were obtained. 

Sample A was fractionated 26 times; B, 21 times; C, 31 times; 
and D, 21 times. The number of fractionations of C and D might 
have been greatly reduced by a modification of the process which 
will be described in the paper referred to. 


Boiling Points by other Observers. 
GBM nnccccsccccccccsccce Delffs. 


Ge scocancscddiccensstdes Favre and Silbermann. 
95°9 at 760 mm. .......... Kopp. 
101°0 - . e660sebee0 Kahlbaum. 
102°1 — enthenacia Pierre. 
102°3 ae Ce Schumann. 
102°5—103°5° at 760 mm..... Krimer and Grodski. 


102—103° - weeee Perkin. 


Specific Gravity. 

B. Cc. D. 
092010 0°... 0°92016 0°... 0°92003 

16°7°. 090216 


A. 
O:... 091994 0°.... 
133°, 0°90577 141°. 090516 16:0°. 0:90303 


Specific Gravities by other Observers. 


09210 atO0°.... Kopp. 

09474 at 4°/4° = 09524 , .... Kahlbaum. 
102938 ,, .... Pierre. 
0°91939 ,, .... Elsasser. 

0°90365 at 15°/15° = 0°9192 ,, .... Perkin. 

0°89452 at 25°/25° = 0°9192 ,, .... e 
09194 ,, .... Gartenmeister. 

08962 at 20°/4° =09178 ,, .... Brihl. 
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Methylic Butyrate, Vapour Pressures below the Boiling Point. 
A. 
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Methylic Butyrate, Vapour Pressures. 


Pressures, ‘ Pressures. 


Statical method. Temp. | Statical method. | 
From From 
curves. curves. 


A, B, & D. 
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Methylic Butyrate, Volumes of Liquid. (Molecular Weight = 101°77.) 


Volumes of a gram. Volumes of a gram. 


——| Mol. Temp. Mol. 


Temp. C. From vol. A | From vol. 


curve. . ° curve. 


1°3756 | 139°99 
1°4041 | 142-90 
1°4360 | 146°14 
1°4705 | 149°65 
1°5077 | 153°44 
1°5510 | 157 °84 
1°5997 | 162-80 
1°6616 | 169°10 
1°7323 | 176°30 
1°8164 | 184°85 
19358 | 197-00 
2°1180 | 215°55 
22797 | 232-00 
2°4390 | 248-20 
2°6235 | 267-00 


0° — 1-0869 | 110°61 
10 — “0998 | 111°93 
20 _— *1131 | 113°28 
30 “1275 “1270 | 114°69 
"1420 *1416 | 116°15 
"1565 "1562 | 117 °67 
"1710 "1716 | 119°23 
1865 “1873 | 120°83 
"2035 *2037 | 122-50 
*2210 *2213 | 124°29 
*2390 *2394 | 126°13 
*2590 *2587 | 128°10 
"2795 ‘2794 | 130°20 
*3010 *3013 | 132°43 
*3240 *3243 | 134°77 
"3485 "3486 | 137°25 
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, molecular volume ........-sese022 338°9 


Methylic Butyrate, Volumes of Vapour. 


Volumes of a gram. 


. | Pressure apparatus. Sealed tube method. Mol. vol. 
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Comparison of Critical Temperatures and Pressures with those of other 
Observers. 
Temperature. Pressure. Observers. 
281°25° 34°21 atm. Young and Thomas. 
2780 36°02 ,, Nadejdine. 
171°5* _ De Heen. 


Methylic Isobutyrate. 


Sample A was prepared by saturating a mixture of 128 grams of 
methyl alcohol and 352 grams of isobutyric acid with hydrogen 
chloride. 

The purification of both samples was carried out in the usual 
manner; sample A was fractionated 15 times, sample B, 19 times. 


Boiling Points. 


A. B. 


Temperature. Temperature. 


| Pressure. 
Corrected to Corrected to 


Observed. 760 mm. 


92°3 
92°35 
92°35 
92°3 
92°25 


92 25 


92°3 


ze at the Loiling point = 23°5 mm. per degree. 


Boiling Points by other Observers. 


93°0° at 760°0 mm Pierre and Puchot. 
92-4 at 760°7 ‘ Schiff. 

92°3 at 760-0 Schumann. 

91:7 at 760-0 Pawlewski. 

906 at 7207 , Winkelmann. 


* Probably a misprint for 271 -5°. 
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Winkelmann’s boiling point reduced to 760 mm. from our data 
would be 92°25°. Our determination agrees very well with those of 
Schiff, Schumann, and Winkelmann. 


Methylic Isobutyrate, Vapour Pressures below the Boiling Point. 


Press. | Temp. 
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Methylic Isobutyrate, Vapour Pressures. 


Pressures. Pressures. 


Tem- Statical method. 


| 

Tem- | Statical method. 
perature. | 
| 


! 
| 
perature. 
t eo a ee | From 
| 


curves. 


B. 


I 
Os 


SSS6S6SCS6S6SEnNeHSB SEHD: 


orb 


12 
22 
38 
65° 
104 
162 
243 
355 
505 
oe. 707 
956 
1269 
. 1660 
| 

| 


170°0 
180 °O0 
190.0 
200-0 
210°0 
220°0 
230 0 
240°0 - 
250°0 — 

256 0 | 21740 
260-0 z= 
263°0 | 24080 
265 0 — 

266 °5 25345 
267 *55 : | 25759 25730 

(critical) 


| 
| 
160°0 4 
| 
| 


vo 


2144 | 2143- 

— | 2729 

— | 3420 
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Specific Gravity. ' 
A. B. 
Puccceese OGRE Prucccsece OOS 
22°65°.... 0°88613 24°7°..... 088368 


Specific Gravities by other Observers. 


09056 at0O°.... Pierre and Puchot. 
O'91118 ,, ....  Elsisser. 
0°8909 at 20°/4° = 0°9133 ,, .... Winkelmann. 


Our value agrees with Elsisser’s. 

Pawlewski is the only other observer who has determined the 
critical temperature of methylic isobutyrate; his value, 273°6°, as in 
every other case, is a few degrees higher than ours. 


Metiylic Isobutyrate, Volumes of Liquid. (Molecular Weight = 101-77.) 


Volumes of a gram. | ‘Volumes of a gram. 


} 
From From 
curve. F 7 curve. 


“4095 
"4424 
4778 
"5168 
"5598 
“6129 
6775 
“7575 
"8565 
“9915 
"1120 
*2245 
"3485 
4780 
*6385 


‘0973 | 111-67 ‘0° 1°4095 
‘1107 | 113°04] 170°0 1-°4430 
1249 | 114°48 ‘0 1°4775 
"1394 | 115-96 ‘0 | 1°5165 
"1545 | 117°49 ‘0 | 1°5600 
*1701 | 119-08 ‘0 | 1°6125 
1861 | 120°71 ‘0 | 1°6796 
*2030 | 122-43 “0 | 1°7560 
"2207 | 124°23 ‘0 | 1°8565 
2393 | 126°12 | 250°0 1°9920 
"2586 | 128-09 
‘2796 | 130°22 
‘3021 | 132-51 
3264 | 134-99 
"3520 | 137°59 
3796 | 140°40 


*1410 
“1560 | 
“1700 
*1860 
*2035 | 
*2210 
*2395 | 
*2585 
2790 | 
"3015 
"3265 | 
“3515 
"3805 


ll eel el ol el ln) 
BD BD ND NS ND tt tt tt et et et 


ll ell ell el ol 


Critical density (C. and M.) .....ccsceeeese 
volume of a gram .......... 
» molecular volume 
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Methylic Isobutyrate, Volumes of Vapour. 


Volumes of a gram. 


Tempera- | 


re Pressure apparatus. | Sealed tube method. Mol. vol. 


A. B. . II. 


SSssSssss 
5666666666 
RADSAIAKASSSAUAS 


| RRasSBeee 
SSsRorneoe 
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Determination of the Critical Volumes. 


It has been already mentioned that the critical volumes were cal- 
culated from the critical densities obtained by the method of Cailletet 
and Mathias. 

The mean densities of liquid and saturated vapour—from the 
boiling point under atmospheric pressure to the critical point—are 
given by the formula. 

D=A + at. 


(D = mean density; ¢ = temperature centigrade; A and @ are con- 
stants depending on the substance.) } 
The constants for the formula are :— 
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A. a. 
Methylic formate....... 0°5025 —0:0007156 
Ethylic formate........ 0°4759 —0-000649 
Methylic acetate........ 0°4830 —0°000674 
Propylic formate 0°4658 —0°000590 
Ethylic acetate... 0°4644 —0°000625 
Methylic propionate .... 0°4721 —0-000621 
Propylic acetate........ 0°4585 —0°000587 
Ethylic propionate 0°4587 —0°000593 
Methylic butyrate 0°4640 —0°000582 
Methylic isobutyrate.... 0°4577 —0°000583 


A comparison of the observed and calculated mean densities of five 
of the esters has already been given (Phil. Mag., December, 1892, 
507), and need not be repeated. The data for the remaining esters 


are given below. 


Propylic Formate. 


Densities. 


Observed. 
—_—_—_—__—_——| Calculated 


| mean. 
Liquid, | Saturated | ean, | 
. | 


0°8341 ' 0 °4186 
0°8u89 “00% 0 -4067 
0°7811 7 0°3950 
0°7524 “014: 0°3833 
0°7209 . 0°3714 
0°6873 “032: 0°3598 
0 6487 047: 0 °3480 
0 6024 ‘ 0 °3357 
0 °5757 , 0°3299 
0°5438 *104¢ 0°3241 
0 °5026 : 0°3183 
0°4403 ‘ 0°3125 


(critical) 
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Propylic Acetate. 


Densities. 


Observed. 


Calculated 
mean. 


Saturated 
vapour. 


0 ‘0033 
0-0058 
0 -0095 
0 °-0149 
0 -0226 
0 -0339 
0 :0503 
0-0758 
0 -0940 
0°1205 
0 °1444 


S85 
$66 


— 
>SSS6S66666666e 


SISsseksss 


be 
SS 
} 


276 *2 
(critical) 


Ethylic Propionate. 


0 -0036 0 °3993 
0° 0062 0°3877 
00-0102 0°3757 
0-0161 0 °3638 
0 -0247 0 *3522 
0 °0368 0°3406 
0 -0543 0 *3285 
0 -0823 0°3162 
0°1029 0°3104 
0°1337 0 °3041 
0°1564 0°3012 
0°1750 0° 2988 
’ . 0°1957 0 *2987 
272° sian sans 
(critical) 


bo po to _ 
NBRSLERSSS 
Ssededcgdggdses 
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Methylie Butyrate. 


Densities. 


Observed. | 
Calculated 


mean. 


Saturated 
vapour. 


110°0° 
130 °0 
150 °0 
170°0 
190°0 
210°0 
230-0 
250°0 
260 -0 
270-0 
275°0 
278-0 
280-0 
281 +25 
(critical) 


3-7-7 


Methylic Isobutyrate. 


0 -0034 0 *4052 
0°0059 0 *3937 
0 0095 0°3817 
0°0154 0 -3702 
0 0234 0 °3583 
00349 0 *3471 
0°0514 0 *3357 
0°0773 0 °3232 
0 0963 0°3174 
0°1218 0 *3120 
0°1437 0 °3086 
0°1624 0 ‘3060 
0 °1839 0°3048 
265 °0 0 °2030 0 °3032 
266 °5 0 -2268 0°3029 
267 *55 — — 


90 -0° 
110°0 
130-0 
41500 
170°0 
190 0 
210-0 
230 °O 
240 0 
250°0 
256°0 
260°0 
263 °O 


° 
& 
or 
bo 


oooocooooecsecseo 
coooooocooecosco 


In every case the agreement between the observed and calculated 
values is very close within the wide limits of temperature taken, but 
it should be stated that the agreement would not be quite so good 
at 0°. 

The range of temperature, however, through which the formula holds 
good with accuracy is so great, and the observations are carried to 
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within so small a distance from the critical points, that there can be 
very little error in the calculation of the critical densities, 


Part II.—TaHeoreticat Conciusions. 


Comparison of Temperatures and Volumes at “ Corresponding” 
Pressures, 


One of the chief objects of the experimental work which has been 
described was to ascertain how far the generalisations of Van der 
Waals regarding “corresponding” temperatures, pressures, and 
volumes are true for the members of a group of allied compounds. 

It has already been proved by one of us that the generalisations 
hold good, with a close approximation to accuracy, in the case of the 
four mono-halogen derivatives of benzene, but that when compounds 
of different chemical character are compared together much greater 
deviations are to be observed, more especially as regards the absolute 
temperatures (boiling points) at corresponding pressures. It has 
also been shown that among the substances so far studied the devia-. 
tions are greatest in the case of acetic acid and the alcohols, and it 
becomes therefore of additional interest to examine the behaviour of 
the esters which are formed by the interaction of the fatty acids ann 
alcohols, 

Since with other substances the comparisons at corresponding 
temperatures gave less satisfactory results than at corresponding 
pressures, the former method has been omitted in the case of the 
esters, ’ 

The generalisations which are discussed in this paper are 
the following. If two substances are compared at pressures which 
are proportional to their critical pressures, their boiling points on 
the absolute scale will be proportional to their absolute critical 
temperatures, and their volumes, both as liquid and as saturated 
vapour, will be proportional to their critical volumes. 

Two corollaries that would follow from these generalisations, if 
they were strictly true, are also studied. 

1, The ratios of the actual densities of the saturated vapours of 
all substances to their theoretical densities (for perfect gases) should 
be the same at corresponding pressures (Trans., 1891, 59, 137). 

2. The absolute critical temperatures of all substances should be 
directly proportional to the products of their critical pressures into 
their critical molecular volumes (Phil. Mag., November, 1890, 423) ; 
or 


a = constant. 


T 
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« As the critical volumes may be accurately determined by the 
method of Cailletet and Mathias, the corresponding pressures, tempe- 
ratures, and volumes can be given in terms of the critical constants 
taken as unity, and this method has been adopted in preference to 
comparing the various substances with one of them taken as a 
standard. In order, however, to facilitate comparison with the sub- 
stances already studied by one of us, the pressures taken are the 
same fractions of the critical pressures as in previous cases; the 
pressures, however, corresponding to 1000, 2000, 4000, 6000, 8000, 
and 12000 mm. for fluorobenzene have been omitted as unnecessary, 
whilst those corresponding to 33000 mm. for fluorobenzene have been 
added. 


TABLES. 


. Critical constants. 
. Corresponding pressures. 
3. Absolute temperatures at corresponding pressures. 
. Molecular volumes of liquid at corresponding pressures. 
. Molecular volumes of saturated vapour at corresponding pressures. : 
. Ratios of absolute temperatures at corresponding pressures to absolute critical 


temperatures. 
. Ratios of volumes of liquid at corresponding pressures to critical volumes. 
. Ratios of volumes of saturated vapour at corresponding pressures to critical 
_ volumes. 
9. Ratios of actual to theoretical densities of saturated vapours at corresponding 
pressures, . 
. Values of PV/T at the critical point. 
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1252 YOUNG AND THOMAS: VAPOUR PRESSURES, ETC., 


Values of PV/T at the Critical Point. 


P = critical pressure in millimetres, 
V = molecular critical volume in c.c, 
T = absolute critical temperature. 


Methylic formate.... 15840 Methylic proiponate, 15920 
Ethylic formate..... 15990 Propylic acetate.... 15760 
Methylic acetate.... 15750 Ethylic propionate... 15830 
Propylic formate.... 16070 Methylic butyrate... 15900 
Ethylic acetate...... 15730 | Methylic isobutyrate. 16070 


Ratios of Absolute Temperatures (Boiling Points) at Corresponding 
Pressures to Absolute Critical Temperatures. 


On examining the ratios of the absolute boiling points of the 
different esters to their absolute critical temperatures at any constant 
fraction of the critical pressures (table, p. 1248), it will beseen that there 
is a distinct, though not very great, deviation from constancy, Taking, 
for instance, the fraction 0°001474 of the critical pressures, there is a 
difference of rather over 5 per cent. between the extreme values. 

It is also clear that the boiling point ratios in a homologous series 
rise with increase of molecular weight; thus, for methylic, ethylic, 
and propylic formates the values are 0°5189, 0°5253, 05318, whilst for 
the corresponding acetates they are 0°5322, 0°5409, 0°5468. Again, if 
we take the methylic compounds of formic, acetic, propionic, and 
butyric acids, we have the ratios 0°5189, 0°5322, 05378, 0°5435. 

With regard to isomeric esters, it would appear that the formates 
have the lowest values, and the acetates the highest, among the esters 
investigated. Thus, ethylic formate has in every case a lower value 
than methylic acetate, and propylic formate a lower one than either 
ethylic acetate or methylic propionate. Of these three isomers, 
ethylic acetate has always the highest ratio, whilst the values for 
propylic acetate are higher than for methylic butyrate and iso- 
butyrate, or for ethylic propionate, though in the last case the 
differences are extremely small. The ratios for methylic isobutyrate 
are lower than for any of its isomers, and are very nearly the same 
as for ethylic acetate. 


Ratios of Volumes of Liquid at Corresponding Pressures to Critical 
Volumes. 


The deviations from constancy at any series of corresponding 
pressures are here very small indeed (p. 1249) ; thus, at the constant 
fraction 0°005898 of the critical pressures, the extreme values 
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(excluding methylic isobutyrate) are 0°3516 for propylic formate, and 
0'3496 for propylic acetate, the difference being little over 0°5 per cent, 
Byen near the critical point, where the errors of experiment are 
necessarily greater, the differences are in no case so great as 1°6 per 
cent. 
In the case of the ratios of the volumes of liquid to the critical 
volumes, no connection with the molecular weights seems to be trace- 
able, but it may be noticed that methylic isobutyrate has in almost 
every case higher ratios than any of the other esters. The ratios for 
the formates are also somewhat higher than for their isomers. 
For the volumes of liquid at corresponding pressures, it must be 
admitted that the generajisation of Van der Waals holds good with 


great accuracy. 


Ratios of Volumes of Saturated Vapours at Corresponding Pressures to 
Critical Volumes, 


The volumes of saturated vapour cannot be determined with any- 
thing like the same degree of accuracy as the volumes of liquid, and 
there is little doubt that the deviations from constancy are in part 
due to experimental error. Excluding methylic isobutyrate, the 
greatest difference between the highest and lowest values in any 
series of corresponding pressures is under 4°5 per cent. (p. 1250). 

Here, again, there seems to be no connection between the relative 
volumes and the molecular weights, but the values for methylic iso- 
butyrate are markedly lower than for the other esters, and on com- 
paring isomeric esters, it is found that the formates have generally 
lower values, and the acetates—though exceptions are here more 
numerous—higher values, than their isomers. 

The mean value for the three formates is in every case lower than 
that for the three acetates, or for the two propionates and methylic 
butyrate, while the mean value for the acetates is in most cases higher 
than for the last three substances. 

This investigation shows that although the results obtained with 
the 10 esters are in fair agreement with the generalisations of Van 
der Waals—in close agreement so far as the volumes of liquid are 
concerned—yet the deviations observed are related to the composition 
of the esters. 

In the case of the absolute temperatures, the ratios at any series of 
corresponding pressures are clearly dependent on the molecular 
weights, though this is apparently not the case with the molecular 
volumes. The composition of the isomeric esters appears, however, 
to influence all the ratios, those for the formates being lowest when 
the absolute temperatures or volumes of saturated vapour are com- 
pared, and highest in the case of the volumes of liquid, whilst the 
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ratios for the acetates are highest in the former cases and lowest in 
the last. 

The presence of the iso-group in methylic isobutyrate appears to 
have a distinct influence on the ratios, lowering them in the case of 
the absolute temperatures and volumes of saturated vapour, and 
raising them in the case of the volumes of liquid. 


Ratios of Actual to Theoretical Densities of Saturated Vapour at 
Corresponding Pressures. 


As the pressures, temperatures, and volumes of saturated vapour 
at corresponding pressures are required for the calculation of these 
ratios, the experimental errors in the determination of all these con- 
stants are brought into the table (p. 1251). The most serious errors are 
undoubtedly in the molecular volumes of saturated vapour, and these 
are most probably greatest at the lowest temperatures, and just below 
the critical point. It is therefore not surprising that the deviations 
from constancy should be most marked at these temperatures. 

There appears to be no definite relation between the ratios at any 
series of corresponding pressures and the composition of the esters— 
except that the three acetates have the highest values at the critical 
point—and it seems probable that the deviations from constancy are, 
for the most part, within the limits of experimental error. 

The ratios show smaller deviations from constancy at the critical 
points themselves than in most of the other cases, and the critical 
volumes are probably more accurately determined than the other 
volumes of saturated vapour. The maximum variation (2 per cent.) 
at the critical points is almost certainly outside the limits of experi- 
mental error. The mean value, 3°91, is somewhat higher than that, 
3°76, for the majority of substances previously studied; it is, how- 
ever, lower than for the alcohols or for acetic acid. As might be 
expected, the value for acetic acid, 5°00, is very high, whilst that for 
methyl alcohol, 4°52, is also considerably above the mean value. The 
ratios for ethyl and propyl alcohol, 4°02 each, are much nearer the 


mean. 
Values of PV/T ai the Critical Points. 


The maximum variation is here 2°2 per cent. These values will 
will be referred to later. 


Note on the Formula of Cailletet and Mathias. 


The mean densities of liquid and saturated vapour are represented 


by the formula 
D=A + at, 
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and it has been shown by one of us (Phil. Mag., December, 1892, 506) 
that if the generalisations of Van der Waals were strictly true, the 
angular coefficients, a, of the “diameters” ‘for different substances 
should be directly proportional to their critical densities, and in- 
versely proportional to their absolute critical temperatures, or - 


= = const. 
This has also been pointed out by M. Mathias (Annales de la 
Faculté des Sciences de Toulouse, 6, 1892). 
The values of «T/D for the different esters are given below. 


Methylic formate.... 0°997 Methylic propionate.. 1°055 
Ethylic formate..... 1°021 Propylic acetate 1-088 
Methylic acetate.... 1°049 Ethylic propionate... 1°090 
Propylic formate .... 1°025 Methylic butyrate ... 1°074 
Ethylic acetate...... 1°061 Methylic isobutyrate. 1°045 


The values evidently increase with rise of molecular weight, and 
they are also, to some extent, dependent on constitution; thus, the 
formates have lower values than their isomerides, whilst methylic 
isobutyrate, notwithstanding its high molecular weight, has a slightly 
lower value than even methylic acetate. 

In the interesting memoir by M. Mathias “ On the Critical Density,” 
above referred to, the critical densities of a considerable number of 
esters are given. Many of them are calculated from the data of 
Nadejdine, by means of a formula given in the memoir; the others 
are taken to be one-third of the densities at 0°, or at about the 
ordinary temperature. 

M. Mathias shows that the critical densities of the esters are 
related to their composition and constitution, and gives a diagram 
which illustrates the point very clearly. 

The results obtained by us are in fair agreement with those calcu- 
lated by M. Mathias, but the differences, though not great, would 
modify the form of the curves to some extent, and we therefore give 
a diagram, constructed in the same manner as that of M. Mathias, in 
which our data are mapped. 

The curves I, II, III, IV represent the critical densities of the 
formates, acetates, propionates, and butyrates respectively, the alkyl 
group (or hydrogen) being indicated below. The dotted curves pass 
‘hrough the points representing the critical densities of isomeric 
esters. 

As M. Mathias has pointed out, the critical densities of homologous 
esters fall with rise of molecular weight, rapidly at first, then more 
slowly. From the approximate values for the higher esters, M. 

VOL. LXUI. 7 4Q 
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Mathias concludes that for any homologous series in which the acid 
is the same, but the weight of the alcohol radicle increases, the 
critical density tends to a limit. As we have not investigated the 
esters of any alcohol higher than propyl alcohol, our results do nos 
throw much light on this point. 


0°36 


= 
++ 


ca 


| 
| 


H CH, (C2H; C,H,  ©,Hy 


0°28 


With regard to isomeric compounds, M. Mathias points out that 
the critical densities diminish as the weight of the alcohol radicle 
increases, and that of the acid radicle diminishes; we do not find, 
however, so rapid a change as is indicated in M. Mathias’ diagram. 


Comparison of Esters with other Substances. 


It only remains to compare the esters with the substances pre- 
viously studied by one of us; but, as the ratios are given in a differ- 
ent form, the comparison cannot be made by simple inspection of the 
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figures. For our present purpose it will be sufficient to take a single 
series of corresponding pressures, and to tabulate the ratios of the 
absolute temperatures, volumes of liquid, and volumes of saturated 
vapour to the critical constants of each substance. 

The critical volumes are in all cases calculated by the method of 
Cailletet and Mathias. Those of the compounds previously investi- 
gated were calculated by M. Mathias from the data given by one of 
us (Phil. Mag., February, 1892, p. 153), and these volumes were ac- 
cepted as correct (ibid., December, 1892, p. 503). It appears, how- 
ever, that there were some very small errors in two or three cases, and 
these have been corrected in the table below. 

The pressure is in each case 0°08846 of the critical pressure, 


Ratios to Critical Constants. 


Volume of 
Absolute Volume of oobunehed 


Substance, temperature. liquid. vapour, 


Methylic formate ......+..+++- 0°7348 
Ethylic formate........se0e00- 0°7385 
Methylic acetate ........eee00s 0°7445 
Propylic formate......seseeees 0°7430 
Ethylic acetate ....ceccecceess 0°7504 
Methylic propionate........... 0 °7485 
Propylic acetate ee 0°7541 
Ethylic propionate... ee 0 °7540 
Methylic butyrate ..........4. 0°7522 
Methylic isobutyrate .......... 0°7502 


Methyl alcohol cece 0°7734 
Ethyl alcohol.........+see00es 0°7794 
Propyl alcohol........s.seeeee. 0°7736 


S82 BYSEREseRE 


bo 
i 


Des OR oi b6n0 000006 4040000 0°7624 


Ethyl ether ........cesccevees 0°7371 
Fluorobenzene......+e+eeecees 0°7334 
Chlorobenzene ...2cecesecccecs 0 °7345 
PN 5.0608 06 60000004 0 °7343 
IDS 004:06.00 sesencaced 0°7337 
Ce eonenageace 0 °7282 
Carbon tetrachloride........++. 0°7251 
Stannic chloride ......csesecese 0°7357 


MeO RR Dw a eer WAOMAGE I A>H 


tg 8S AB AB Be Bg 


As regards the absolute temperatures, it will be seen that the ratios 
for the alcohols are decidedly higher than for any of the other sub- 
stances. Of the remaining compounds, acetic acid has the highest 
value; whilst the esters, with the exception of methylic formate, 
have higher ratios than the members of the fourth group. The in- 


fluence of molecular weight and of constitution in the case of the 
4Q2 
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esters has already been discussed. Inthe fourth group, the values fop 
benzene and carbon tetrachloride are somawaet low; otherwise there 
is little variation. 

The ratios of the volumes of liquid to the critical volumes show 
much closer agreement. That for acetic acid is decidedly the 
highest, and that for methyl alcohol decidedly the lowest. The 
esters agree remarkably well together (excepting methylic isobutyr. 
ate), but their ratios are distinctly lower than those of the com. 
pounds in the fourth group, or of ethyl or propyl alcohol. 

The grouping of the compounds is best seen ia the case of the 
ratios of the volumes of saturated vapour to the critical volumes, 
Here the alcohols are seen to have decidedly the highest values, 
whilst acetic acid stands quite alone, with the lowest value. The 
ratios for the esters are all higher than those in the fourth group. 

A similar grouping of the compounds studied is to be observed in 
the values of PV/T at the critical point. Thus we have 


Group I (the esters) .......... .-- 15730 to 16070 
methyl alcohol....... -. 13750 

Group Mf et alcohol..... eoevee’, 15470 
propyl alcohol ...... eee 

Group III (acetic acid) ....... eee. 12440 

Group IV (ether, benzene, &c.)...... 16270 to 16940. 


Comparison of Beiling Points under Equal Pressures. 


The vapour pressures up to about 2 atmospheres of 28 esters 
have been determined by Schumann (Ann. Phys. Chem., 1881, 12, 
40); and from his results it appeared probable (Ramsay and 
Young, Phil. Mag., July, 1886, p. 37) that the absolute temperatures 
of these esters bore a constant ratio to each other at all equal pres- 
sures, The vapour pressures of 10 of the esters have now been de- 
termined from below 0° to their critical points, and it is found that 
the simple relation described above is only true in a few cases; but 
the formula 
ad 


— Ta 
", ~ mst 


R’ = R, + ct or 


(Ramsay and Young, Phil. Mag., January, 1886, p. 33) holds good 
for all of them. 

R’ is the ratio of the absolute temperatures of any two esters, A 
and B, at a pressure—the same for both—at which the boiling point 
of B= #° C.; R, is the ratio when the boiling point of B = 0° C., 
and c is a very small constant. 

Etbylic acetate was taken as the standard substance, B, and the 
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other esters were compared with it; the values of Ry and c¢ are given 
below. 
Ester. . e. 

Methylic formate ..... ; +0°0000133 
Ethylic formate....... ‘ +0°0000417 
Methylic acetate ...... — 
Propylic formate ‘ +0°000048 
Methylic propionate ... ; +0°000006 
Propylic acetate....... . _— 
Ethylic propionate...... — 
Methylic butyrate ...... 1°07: +0°000013 
Methylic isobutyrate.... 1°0412 + 0°000036 


In the comparison of the other acetates and of ethylic propionate 
with ethylic acetate, the ratios appear to be constant at all pressures, 
and in the other cases, especially methylic propionate, the values of ¢ 
are very small. 

In the first table (p. 1259), the absolute temperatures of the esters, 
read from the curves at a series of equal pressures, are given; and in 
the second (p. 1260), the calculated ratios with ethylic acetate. These 
ratios were mapped against the temperatures of ethylic acetate, and 
in this manner the constants given above were obtained. 

The absolute temperatures of ethylic acetate were then recalculated 
from those of each of the other esters at each pressure by means of 
the formula and constants given, and from the means of all these 
temperatures (together with those read from the original curves) at 
each pressure the absolute temperatures of the other esters were re- 
calculated. 

The differences between the recalculated temperatures (including 
those of ethylic acetate) and those read from the curves are given in 
the following table. It will be seen that the greatest difference is 
0:75°, while the mean difference for all the esters is 018°. The mean 
differences for each ester are given at the foot of the table. 
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XCI.— The Fermentation of Dextrose, Rhamnose, and Mannitol by a 
Levolactic Ferment. 


By Grorce Tare, Ph.D. 


In the course of observations on the nature of the micro-organisms 
which attack the ripe pear, among other bacterial organisms one was 
isolated which produced marked levolactic fermentations of dextrose 
and mannitol (Liverpool Medico-Chirurgical Journal, January, 1893). 

At the time when the nature of these fermentations was first 
determined, the only available knowledge respecting lwvolactic acid 
and its salts was that afforded by Schardinger, who obtained the acid 
by an anaérobic fermentation of cane sugar with an organism isolated 
from river water. Schardinger established the fact that the lsvo- 
lactic acid, forming inactive lactic acid on admixture with dextro- 
lactic acid, was the physical isomeride of the latter or sarcolactic acid 
(Abstr., 1891, 666). 

Since that time Purdie and Walker (Trans., 1892, 61, 754) have 
obtained levolactic acid by resolution of inactive lactic acid into its 


optically active components (see also this vol., p. 1143). 


Morphology of the Leevolactic Ferment of the Pear. 


In the paper referred to above, I described the difficulty encountered 
in obtaining the pear organisms in a condition of pure culture, a 
difficulty occasioned by colonised ascoid growths containing more than, 
one organism. : 

The purity of the organism was eventually ensured by cultivating 
many generations in nutritive fluids containing dextrose, until, on 
inoculation into beef-juice peptone jelly and colonising the individual 
cells by Koch’s well-known method, the colonised growths or colonies 
all had practically the same character. The purity of the organism, : 
or freedom from any organism symbiotically associated with it, was: 
further ensured by observing that on fermenting a solution of man- 
nitol, the cells of the organism developed therein yielded colonies in- 
distinguishable from those obtained from a dextrose fermentation. 

At one stage of my experiments, these colonies were not all of the 
same type, some being round, others crenated; having at a still earlier: 
stage repeatedly found, in one colony, symbiotic growths of two or 
more organisms, I concluded that these differences were still due to» 
mixed cultures. The organism, however—of whose purity I was as-) 
sured by its giving, when separated from growths in various cultivating: 
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fluid media, colonies of constant character—ultimately again produced 
colonised growths both of the round and crenated type 

This levolactic ferment of the pear has the following characters, 

Type A.—Starting with a depth colony, either round or crenated, 
in solid nutrient jelly, and inoculating from it into a fluid medium 
where little acid can form (¢.g., glycerol-peptone fluid in which 
calcium carbonate is suspended), and allowing the organism to 
develop therein, the following forms, both motile and non-motile, can 
be seen with the aid of a microscope of suitable magnifying power :— 
Long rods, some straight, others contorted ; short rods, either free or 
in pairs or long chains, and chains of cocci are also to be seen, 
especially in cultivations conducted in fluids containing dextrose or 
mannitol spore-bearing rods. 

By colonising the cells from a glycerol fermentation in alkaline 
peptone-gelatin jelly, colonies develop and become apparent in two to 
four days, according to the temperature; the depth colonies are white 
and round, or disc-shaped; the surface colonies are of moist appear- 
ance, white or translucent, and more or less spreading, according as 
the colonies are few or many in number. These growths are very 
similar, macroscopically, to those of Hueppe’s lactic bacillus, but they 
form less rapidly. 

The gelatin is not liquefied. In jellies containing dextrose the 
growth becomes highly viscid, and, when microscopically examined, 
is seen to contain numerous masses of ascococci, similar to Billroth’s, 
except that the asci are arranged in chains. These asci gradually 
increase in size; they have been observed in certain fluid cultures at 
the surface of the liquid and at the sides of the vessel. The average 
diameter of the asci is about 0°005 mm., but they are sometimes to 
be observed of much greater size. 

Type B.—Depth colonies strongly crenated, the Sistiatations being 
frequently so marked as to give to the colony the appearance of a 
group of crenated leaves radiating from a common centre; the surface 
growths are tough, and, if allowed to spread, through the absence of 
any neighbouring colonies, are highly granular, and more or less con- 
centrically arranged round masses are to be seen with an ordinary 
magnifying glass. When transferred on to a jelly containing dextrose, 
the growth there formed is tougher, and, in appearance, like shining 
masses of sago or tapioca. After continued culture, these dry masses 
become moist, and more nearly resemble the growths of Type A. 
C. Liesenberg and W. Zopf, in the Zeitschrift fiir Riibenzucker Industrie 
for 30th November, 1892, describe the Leuconostoc of raw beet and 
cane sugars; there is a close similarity between this and the pear 
organism ; but I judge that the two are not identical, An organism 
more closely approaching the Leuconostoc of raw sugars was ob- 
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tained from tle pear, but could not be obtained pure, and, in conse- 
quence of the appearance of the paper of Liesenberg and Zopf, its 
investigation was not continued. 

The lwvolactic ferment of the pear does not ferment cane sugar, 
neither does it bring about any acid fermentation of glycerol. 


The Fermentations of Dextrose induced by the Organism. 


A fluid of the following composition was prepared in a capacious 
flask :—Anhydrous dextrose, 21 grams; peptone, 15 grams; potas- 
sium phosphate, 0°15 gram; commercial dry calcium chloride and 
crystalline magnesium sulphate, of each, 0°08 gram; calcium carbon- 
ate, 7°5 grams; water, 500 c.c. The flask was plugged with cotton 
wool, and its contents sterilised by heating on three successive days, 
for about 45 minutes each time. The cold sterilised fluid was inocu- 
lated with the organism taken from a colonised growth, and then 
kept at a temperature ranging from 27° to 30° during about two 
months. The fermentation was then judged to be complete; the 
flask was connected with a condenser, and an appreciable volame of 
liquid distilled over. The distillate was again distilled so as to 
obtain in a more concentrated form the alcohol evidently present. 
This second distillate weighed 27-936 grams, and had a sp. gr. of 
099496 at 15°/15°. The solution reduced chromic acid mixture, 
giving an odour of aldehyde and a volatile acid. 15-120 grams of 
distillate were heated in a closed bottle with 50 c.c. of oxidising mix- 
ture (potassium dichromate and sulphuric acid) of known strength, 
and the residual chromic acid was determined by titrating the solu- 
tion, after diluting it to 500 c.c., against a known quantity of ferrous 
salt, the strength of the original chromic acid solution being determined 
in a similar way. In this way, the oxygen required for the alcohol 
was found to be 0°2920 gram, equivalent to 0°4322 gram of ethyl 
alcohol, or to a total of 0°798 gram in the whole of the distillate ; 
the weight corresponding to the sp. gr. is 0°791 gram. 

After separating the alcohol, a volume of normal sulphuric acid 
equivalent to the calcium carbonate originally present was added to 
the residue in the fermentation vessel, the solution heated and filtered 
to remove the calcium sulphate, and then distilled. The distillate was 
strongly acid, and when neutralised gave with mercuric chloride and 
silver nitrate reactions indicating a formate. ‘his volatile acid was 
not further tested in this experiment. The evaporation of the liquid 
was continued at a temperature appreciably below a steam heat, 
until the bulk was small, when it was separated by filtration from 
calcium sulphate, and neutralised with barium hydrate. On again 
concentrating, an abundant separation of crystalline crusts took 
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place, which were separated by filtration, and an equal bulk of 
alcohol added to the filtrate, when more of the salt was precipitated. 
The alcoholic solution, on evaporation, left an amorphous, freely 
soluble mass, which contained a barium salt, mixed with some peptone 
matter and traces of glucose. The insoluble and the soluble salt 
were separately examined. The former, which was of a deep brown 
colour, was dissolved in a large volume of hot water, and a knowr 
volume ‘of normal sulphuric acid added to precipitate the barium. 
The acid required for this was calculated from the weight of the pre- 
cipitated barium sulphate, and the calculated excess of sulphuric 
acid in its turn removed from the solution by adding an equivalent 
volume of standard barium hydrate. The solution was evaporated, 
and the organic acid, extracted in an impure form by ether, was 
neutralised with sodium bydrate, and its silver salt prepared by pre- 
cipitation. 


0°2918, on ignition, gave 0°1865 hi Ag = 64°94. 
Silver succinate requires Ag = 65°06 per cent. 


The acid separated from the silver salt by hydrogen sulphide 
melted at 178°, and had all the properties of succinic acid. 

The barium salt soluble in alcohol was dissolved in water, and its 
acid separated by sulphuric acid, the excess of the latter being in its 


turn removed by barium hydrate. The acid was converted into a 
zinc salt by digestion with basic zinc carbonate, the solution decolor- 
ised by animal charcoal, evaporated, and allowed to crystallise. 

By repeated crystallisation, the salt was obtained in crusts, or in 
microscopic needles, according as separation took place from a hot or 
cold solution respectively. A sample of the salt obtained by slowly 
evaporating its solution in a desiccator gave the following results on 
analysis, indicating a lactate. 


0°5147 lost 0°068% at 120°. H,O = 13:27 per cent. 


A boiling solution of the same portion of salt, titrated with +; 
normal barium hydrate, required 36:25 c.c. of the latter to precipitate 
the zinc as hydrate, and produce a reaction alkaline to phenolphthalein ; 
the 36°25 c.c. are equivalent to 0°1179 gram zinc, or 22°90 per cent. 


Zn(C;H;0;),,2H,O requires H,O = 12°90; Zn = 23:29 per cent. 


From the solution of. the barium salt, obtained by treating the zinc 
salt with barium hydrate, the acid was liberated by the addition of 
sulphuric acid equivalent to the barium hydrate, and changed into a 
calcium salt by digestion with calcium carbonate. The calcium salt 
left on evaporating the solution ina desiccator, was similar in appear- 
ance to calcium lactate, but gave the following results.on analysis, 


mr 
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0°6026 lost 0°1597 at 120—130°, and gave on ignition 0°2000 CaCQ;. 
H,O — 26° 50; Ca = _ 13° 28. 
Ca(C;H;03)2,44H,0 requires H,O = 27:09; Ca = 13°38 per cont. 


This salt agrees with the description given by. Schardinger (Abstr., 
1891, 666) of the calcium levolactate obtained by his anaérobic 
levolactic fermentation of cane sugar. 

A solution of the salt examined in polarised light was found to 
exert a marked dextro-rotation of the plane of polarisation, a rotation 
changed to a levorotatory action after acidifying the solution with 
sulphuric acid. 

These results indicate. that the chief acid product of the fermenta- 
tion of dextrose is levolactic acid. With larger and purer portions 
of the zinc salt, obtained from later fermentations, the following data 
have been obtained. 


2°0729 lost 0°2650 at 130°. H,O = 12°78. 
08401 of this anhydrous salt requires 68°6 c.c. N/10 barium 
hydrate for precipitation of the zinc. Equivalent weight of 
zinc, 0°2230 gram, or 26°55 per cent.; or 23°16 per cent..on the 
hydrated salt. 
Solubility —An excess of the salt was allowed to stand in contact 
with water, already nearly saturated with the salt, for three days, at 
an average temperature of 14°, For 3°100 grams solution 10°6 c.c. 
of N/10 barium hydrate were required for precipitation of the zinc, 
corresponding to 0°1478 gram of hydrated zinc salt ; 100 parts of water, 
therefore, dissolve 5-01 parts salt. 

In a second experiment, where the salt and solution remained 
together during two days, at an average temperature of 15—16°, 
0'3027 gram of salt was found to be dissolved by 58043 grams of 
water, or 5°21 parts by 100 parts of water. 

In a third experiment, continued during 10 days, when the tem- 
perature prior to the test was 12°, 5°12 parts had dissolved in 100 parts 
of water. 

Wislicenus gives the solubility of zinc sarcolactate as 5°7 parts in 
100 parts of water at 14—15°. Purdie and Walker (Trans., 1892, 
61, 760) found the solubility of the zinc salt of levolactic acid from 
the inactive acid as being 5°05 parts in 100 parts of water (tempera- 
ture 10—18°). 

For the specific rotatory power, 2°120 grams of crystalline salt were 
dissolved in water, the solution measuring 19°4 c.c., and tested in a 
200 mm. tube. For the transition tint, the observed rotation was +3°80 
divisions of the scale (opposite to that of the acid), or 1°46 angular 
‘degrees, whence 


[a]j = +665% 
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Using the accepted factor 0-903, the equivalent specific rotation for 
the D line would be 


+6°01° for the hydrous salt. 
» anhydrous salt. 


For the anhydrous zinc sarcolactate or dextrolactate of similar 
concentration, Wislicenus’ figure is [a]p —7°29. Frankland and 
MacGregor found (this vol., 1033) [@]p —7°10. 

For comparison with the levolactate, an analysis of the inactive 
crystallised lactate of zinc was made. 


1°0820 lost 0°1972 at 130°. H,O0 = 18-22. 

1:0820 required 72°0 c.c. N/10 barium hydrate to precipitate the 
metallic hydrate, and bring about a reaction alkaline to phenol- 
phthalein, whence Zn = 0°2340 gram = 21°62 per cent. 

Zn(C;H,03)2,3H,0 requires H,O = 18:18; Zn = 21°88 per cent. 


Only in the case of a few bacterial organisms have the quantitative 
results of their action as ferments been studied. P. Frankland, in 
conjunction with Stanley and Frew (Trans., 1891, 59, 253), with 
Friedlinder’s Pnewmococcus, and the former chemist, in conjunction 
with Frew, with the Bacillus ethacetosuccinicus, have shown that the 
fermentations produced by these organisms are of a fairly definite 
character, and vary with the molecular constitution of the fer- 
mented substance. Conducting experiments with this levolactic and 
other lactic ferments, I find there are sufficiently marked quantitative 
differences in the fermentations they bring about under aérobic con- 
ditions to enable one to recognise them as distinct species. 

In determining the proportions in which the alcohol, acetic, formic, 
succinic, and levolactic acids are produced, the method employed for 
their qualitative separation has been slightly modified. 

Dextrose Fermeutation A.—The fluid fermented had the following 
composition :—Dextrose, 9°5 grams ; peptone, 0°4 gram ; the necessary 
proportion of nutritive salts; calcium carbonate, 5 grams; water, 
300 c.c. The fermentation was allowed to proceed during 25 days 
at 27—30°. The distillate containing the alcohol weighed 58°56 
grams; its sp. gr. was 0°99888, corresponding to 0°6339 per cent., or 
0°371 gram of ethyl alcohol; 55 grams of the distillate were sub- 
mitted to oxidation with chromic acid mixture, when 0°2459 gram 
of oxygen was consumed, corresponding to 0°3535 gram of alcohol, 
or to a total of 0°376 gram. 

The liquid from which the alcohol had been distilled was filtered 
whilst hot from the residual calcium carbonate, which was washed. 
and carefully estimated. The latter amounted to 2°785 grams, 
5 grams having been originally present; the calcium salts of the 
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organic acids produced by fermentation were therefore equivalent to 
2215 grams of calcium carbonate, or to 44°3 c.c. of normal acid. The 
solution containing these salts was diluted to 250 c.c.; its sp. gr. was 
10151. 

To determine the residual dextrose, an aliquot portion (10 c.c.) was 
heated with Fehling’s solution, and the precipitated cuprous oxide 
converted into cuprous thiocyanate. The copper precipitated by 
this 10 c.c. of solution was equivalent to 0°3560 gram of thiocyanate, 
or to 0°1056 gram of dextrose, indicating the total residual dextrose 
to be 2°640 grams; 9°5 grams of sugar having been originally 
present, 6°864 had been changed by the action of the organism. 

For the estimation of the acids, 200 c.c. of the solution were taken, 
concentrated to abcut one half and treated with 35-4 c.c. of normal 
sulphuric acid, the amount required to combine with the calcium. 
The liquid was filtered from the calcium sulphate, diluted, and 
distilled, water being frequently added, until no appreciable amount of 
acid distilled over. To facilitate the boiling it was found neces- 
sary to add a few minute fragments of aluminium wire, as without 
such addition violent bumping took place as soon as the concentra- 
tion reached the point where calcium sulphate separated from the 
solution. The distillate was neutralised with barium hydrate, boiled 
down, the acids liberated with the necessary amount of hydrochlorie 


acid, and again distilled. This second distillation gave volatile acids 
requiring 29°1 c.c. of N/10 barium hydrate. The mixed barium salts 
were dried at 130°, and the barium estimated by ignition with sulph- 
uric acid, 


0'3240 gave 0°3067 BaSO,. Ba = 55°64 per cent, 


From this the mean molecular weight of the volatile acids is 55°55. 
This equivalent will indicate the total volatile acids produced: by the 
fermentation to be formic acid 0°054 gram, and acetic acid 0°148, on 
the assumption that these are alone present. These estimations are at 
most only‘approximate owing to the fact that some trace of lactic acid is 
carried over with the more volatile acids. In the above case, acid 
equivalent to 2°47 c.c. normal alkali was left undistilled in separating 
the volatile acids by a second distillation. This less volatile acid was. 
evidently a lactic acid according to the tests applied. To separate 
the fixed acids, the concentrated liquid from which the volatile acids 
had been distilled was treated with ether and alcohol, the latter being 
used in quantity sufficient to enable the ether to mix with tlie 
aqueous liquid. The liquid was decanted from the gummy residue, 
and the latter repeatedly extracted in like manner until practically 
all the acid had been removed. For purposes of estimation this 
method has been found to answer best ; when ether only is used for 
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the extraction of the acids, a very large volume of the solvent ig 
required and the treatment has to be often repeated. From the 
extract, the ether and alcohol were in greater part distilled off, and 
the acids neutralised by barium hydrate; in this case a quantity of 
the alkali corresponding to 29°0 c.c. of normal acid was required. 
The solution was evaporated nearly to dryness and an equal bulk of 
alcohol added. After a time, the crystalline precipitate of succinate 
was collected and washed with alcohol; in order to ensure its free. 
dom from levolactate, it was washed with hot water, and this 
solution again submitted to precipitation of the succinate with 
alcohol and filtered. In the portion insoluble in alcohol, the barium 
was estimated by dissolving the salt in hydrochloric acid and pre. 
cipitating with sulphuric acid ; the bariam salphate weighed 0°7580 
gram, whence the succinic acid is equivalent to 6°51 c.c. normal 
acid or to 0°384 gram. The acid in the soluble salt was by 
difference equivalent to 22°49 c.c., to which, in estimating the total 
lactate, must be added 2°47 c.c., the equivalent of the acid carried 
over in the first distillation for volatile acids. Acid equivalent to 
1°25 c.c. of normal acid had escaped extraction ; including this also 
in the estimate of the levolactic acid, and taking 0°059 gram and 
0°090 gram as the weights of succinic and levolactic acids respectively 
equivalent to 1 c.c. of normal acid or alkali and calculating the 
corresponding amounts in 250 c.c. of the original fluid (200 c.c. only 
having been taken for the purposes of analysis), the results of the 
fermentation are as follows. 


Alcohol, C,H, ....cccccecccccecs sees 0376 gram. 
Formic acid, CH,O, .....ccccccsccccee 0054 ,, 
Acetic acid, CyH,O, ......ccccccses oe OME ws 
Succinic acid, C,H,Q,... 0479 ,, 
Leevolactic acid, C;H,O;, by difference. -» 2920 grams. 


Dextrose fermented 6860 grams. 
Residual dextrose ..........- TTTTTTTT 2640, 


Dextrose originally taken .......... --. 9500 ,, 


Dextrose Fermentation B.—In this experiment 15°71 grams of an- 
hydrous dextrose were fermented, the liquid measuring 500 c.c. and 
containing, in addition to peptone and nutritive salts, 8 grams of 
calcium carbonate for the neutralisation of the acid products of the 
dextrose. Fermentation proceeded during 53 days at a tempera- 
ture ranging from 27° to 30°. The alcoholic distillate weighed 99°47 
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s and had a sp. gr. of 0:99856, equivalent to 0°811° gram of 
ethyl alcohol. Part of this liquid was oxidised with chromic 
mixture, and the.acid formed distilled off and converted into a 
barium salt, which was dried at 130° and analysed. 


1:440 gave 1:0470 BaSO,. Ba = 54°00. 
Barium acetate, Ba(C,H;0,)., requires Ba = 53°72 per cent. 


The residual calcium carbonate amounted to 3-100 grams, whence 
the calcium in combination with organic acids was calculated as 
being equivalent to 98°0 c.c. of normal acid. The solution containing 
the salts was diluted to 1000 c.c., 50 c.c. were heated with Fehling’s 
solution, yielding a copper precipitate which, converted into the 
thiocyanate, weighed 0-022 gram, whence the total residual dextrose 
is calculated as 0°130 gram and the sugar fermented as 15°58 
grams. . 

To 500 c.c., or one-half, of the liquid 98°0 c.c. of N/2 hydrochloric 
acid were added, and the volatile acid separated by repeated distilla- 
tion with water. The distillate was neutralised, concentrated, and 
the acid again liberated and distilled. The second distillate required 
alkali-= 5°77 c.c. of normal solution for neutralisation. 


0°6387 gram of the dry barium salt by precipitation with sulphuric 
acid yielded 0°5793 gram BaSQ,, or 53°33 per cent. Ba. This 
corresponds to 60°95 as the molecular weight of the acid. 


The acid liberated in this experiment was again distilled, when 
53°95 per cent. of barium was found present in its barium salt, indi- 
cating 59°5 as the molecular weight of the acid. From these results 
it is evident that some trace of lactate was present in the salt first 
analysed. On this basis, the acid of molecular weight 59°5 is calcu- 
lated as having been equivalent to 5°48 c.c. normal alkali, which, 
expressed as acetic acid in the original bulk, would be 0°658 gram. 

The succinate was estimated in 250 c.c. by precipitating the greater 
part of the calcium by 24°5 c.c. of normal sulphuric acid , evaporating, 
extracting with ether alcohol, and isolating the sparingly soluble 
barium salt. The latter was found to be contaminated with 0-035 gram 
of barium sulphate, due either to some free sulphuric acid extracted by 
the ether alcohol, or to some accidental contamination with calcium 
sulphate. The barium succinate itself yielded 0°572 gram BaSO,, 
corresponding to 0°290 gram of succinic acid, or to a total of 1160 
when expressed on the original litre of products; this -weight is 
equivalent in neutralising power to 19°6 c.c. of normal acid. As the 
total acids produced in the fermentation are equivalent to 98-0 c.c. 
of a normal solution, of which 11-0 and 19°6 are respectively due to 


‘volatile acid and succinic acid, 67°4 c.c. may be accounted as due to 
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levolactic or other acid giving a freely soluble barium salt. If 
acid is deducted equivalent to that found as barium sulphate in the 
barium succinate, this latter figure becomes 66°2, The quantitative 
results are therefore as follows, 


Aloohol, .ccccccccccsccces 0811 gram 

Formic acid.......+.++-.. trace 

Acetic acid ......eeeeeeee 0°658 grams 
Succinic acid ........-e+. 

Levolactic acid . P or 5°958 


Total... 


Dextrose fermented ...... 15°580 
Residual dextrose .. 


Dextrose Fermentation C.—The liquid employed was similar to that 
in Experiment A, 9°6 grams of dextrose being employed. The colony 
from which the inoculation was made had been obtained from a 
mannitol fermentation, and was of the moist type. The time allowed 
for fermentation was 17 days, and the temperature 27—30°, The 
dextrose fermented was 6°282 grams. 

The alcohol, according to the oxidation method of estimation, 
amounted to 0°329 gram. 

The volatile acids were equivalent to 4°6 c.c. normal alkali, the 
succinic acid to 66 c.c., and the levolactic acid (by difference) to 
_29°6 c.c. 

Dextrose Fermentation D.—The liquid contained 9°29 grams of 
dextrose, 0°5 gram of peptone, the necessary nutritive salts, and 4 
grams of calcium carbonate. It was inoculated from a colony of 
the organism obtained from a mannitol fermentation, and was of 
the ascoid type. The fermentation proceeded for 35 days, the 
liquid being, during the greater part of that time, without the occa- 
sional agitation that had been given to the fermenting liquids in the 
last three experiments. On colonising the cells of the organism prior 
to examination of the fermentation products, colonies all of the ascoid 
type were obtained. 

The alcohol produced in the fermentation amounted to 0°4737 
gram, according to the sp. gr. of the distillate, or 0°513 according 
to the oxidation test. The residual calcium carbonate was 1°617 
grams; 2°383 grams had therefore passed into solution, and the 
acid products of fermentation were equivalent to 47°66 c.c. normal 
acid, The solution of the organic salts was made up to 250 C.C. 5 
10 c.c, precipitated copper equivalent to 0°179 gram thiocyanate in 
one experiment, and 0°178 in a second; the mean of these two indi- 
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cates the residual dextrose as 1:323 grams, or the fermented dextrose 
as 7°967 grams, 

922: 5 c.c. were boiled down, treated with 42°5 c.c. of normal sulph- 
uric acid, the volatile acid collected in the manner already described, 
and tested with barium hydrate ; of the latter, a volume equivalent to 
3:05 c.c. of normal solution were required. 


0°3472 gram anhydrous ‘salt yielded 0°3257 gram BaSQ,, corre- 
sponding to a mean molecular weight of the acids of 56-7. 


From these data, the total formi¢ and acetic acids are respectively 
00373 and 0°1566 gram. 

The fixed acids were extracted with ether alcohol and converted 
into barium salts; they were equivalent to 382 c.c. of normal alkali. 
By treatment with alcohol, the succinate was found equivalent to 
1147 grams of barium sulphate and to have been admixed with 
0265 gram of barium sulphate undissolved by hydrochloric acid. 

By calculation, the total succinate is found equivalent to 11°06 c.c, 
of normal acid or 0°6525 gram of succinic acid. 

In the soluble barium salt, barium, equivalent to 26°1 c.c. normal 
acid, should have been present in the aliquot part; 3°745 grams of 
crystalline zinc sulphate were added after removal of the alcohol, 
and the solution of zine salt decolorised and crystallised. Of pure 
dextrorotatory salt 1-4 grams were obtained. 


02770 lost 0°0347 at 130°. H,O =°12°53. 
Zn(C;H;0;)2,2H,0 requires H,O = 12°90 per cent. 


Since the total acids are equivalent to 47°66 c.c. of a normal solu 
tion, and the volatile acids and succinic acid together equivalent to 
14°48, the acid of the soluble barium salt would be equal to 33°18 c.c., 
which, expressed as levolactic acid, would be 2°986 grams, or to 
30°64 c.c. or 2°758 grams if allowance is made for acid equivalent to 
the barium sulphate found admixed with the succinate. It may be 
here remarked that in no case has crystalline zinc levolactate been 
obtained in quantity fully equivalent to the soluble barium salt. The 
traces of peptone, of sugar, and, possibly, of other fermentation pro- 
ducts which accompany it evidently appreciably increase the solubility 
of the zine salt, and render it more difficult to obtain pure. Gener- 
ally half the estimated salt has been obtained without great difficulty ; 
the presence of any other salt I have not been able to determine. 

The following are the results of this fermentation, _ 
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Alcohol (mean).. 

Formic acid . 

Acotic acid. ..cccccccces deece 
Succinic acid 


” 


Total eeeeeeeese 


Dextrose fermented ....... eee 
Residual dextrose 2000066 


The table, p. 1275, gives the results of these four fermentations, 
the substances being expressed in the form of milligram-molecules 
and the products also in the molecular proportions in which they are 
formed from 1 and from 9 mols. of dextrose. 


Fermentation of Mannitol. 


Mannitol Fermentation A.—The liquid employed contained mannitol, 
20 grams; peptone, 0°8 gram; nutritive salts, calcium carbonate, 
10 grams ; water, 500 c.c. It was inoculated from a colony of the 
organism obtained from a dextrose fermentation, and allowed to 
ferment during 15 days. The products of fermentation were esti- 
mated by methods similar to those employed in the dextrose fermen- 
tations. 

The alcoholic distillate weighed 53-867 grams, and had a sp. gr. of 
0°99692, corresponding to 1°743 per cent. of ethyl alcohol or to 
0°9389 gram; 29°92 grams of the distillate required 0°3406 gram 
oxygen for oxidation, equivalent to 0°4896 gram alcohol, or to a total 
of 0°8786 gram. 

2120 grams of calcium carbonate had passed into solution to 
form calcium salts of organic acids; hence 42°4 c.c. of normal sulph- 
uric acid were added to liberate these acids. 

The volatile acids, after redistillation, required 10°0 c.c. of normal 
alkali for their neutralisation. 

0°6850 gram of the anhydrous barium salts yielded 0°6755 BaSO,, 

or contained 57°97 per cent. of barium, 


Formates being present in appreciable amount, the above results, 
calculated on the assumption of the presence of formic and acetic 
acids only, correspond to 0308 gram of formic acid and 0°210 gram 
of acetic acid as having been produced by the fermentation. 

By extraction with ether alcohol, all the fixed acids, excepting an 
amount equivalent to 3°12 c.c. of normal alkali, were obtained and 
converted into barium salts. These salts, by treatment with alcohol, 
gave a sparingly soluble salt equivalent to 3°33 c.c. of normal acid, and 
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soluble salt equivalent to 24°88 c.c. From the soluble salt was pre. 
pared a zinc salt which was dextrorotatory. 


0°5942 lost 0°0780 at 130°. H,O = 13:12. The salt required 
42°1 c.c. of N/10 barium hydrate for precipitation of the zinc, 
indicating 0°1371 gram zinc, or 23°07 per cent. 

Zinc levolactate, Zn(C;HsO03)2,2H,O, requires H,O = 12°90; Zn = 
23°29 per cent. 


In this fermentation, a Jarge quantity of mannitol remained un- 
altered, and was partly precipitated by the ether alcohol employed 
for extraction of the acids, and partly entered into solution, rendering 
frequent crystallisation of the zinc salt necessary. The zine salt 
obtained pure amounted to 1°826 grams, rather less than half the 
amount equivalent to the soluble barium salt. 

Assuming, formic, acetic, succinic, and levolactic acids to be the 
sole acid products of the fermentation, the quantitative results would 
be as follows. 


Alcohol (mean) 
Formic acid 


Leevolactic acid (by difference) ...... 2°613 grams 


Mannitol Fermentation B.—The solution employed was similar to 
that in Fermentation A. The time allowed for fermentation was 30 
days. 

The alcoholic distillate weighed 56°24 grams, had a sp. gr. of 
0°99562, corresponding to 2°495 per cent. of ethyl alcohol, or to 
1-403 grams. According to the oxidation test, the weight of alcohol 
was 1353. The alcoholic distillate obtained from a fermentation 
proceeding side by side with this yielded, on oxidation, a volatile 
acid whose barium salt, rendered anhydrous by heating in an air 
bath, gave the following data. 


2°4125 yielded 2:2000 BaSO,. Ba = 53°62. 
Barium acetate requires Ba = 53°72 per cent. 


The acids generated in the fermentation were equivalent to 50°6 c.c. 
of normal acid. Of the solution, which measured 500 c.c., 385 c.c. 
were treated with 62:0 c.c. of normal sulphuric acid. 

The volatile acids were found to be equivalent toe 11:9 c.c. of normal 
alkali, or corresponding to a total of 15°5 cc. Of the fixed acids, an 
amount equivalent to 46°6 c.c. of normal alkali were extracted by 
ether alcohol, and the equivalent of 3°4 c.c. escaped recognition. — 

Of the barium salts, 4°1 ¢.c. of normal acid was the equivalent of 
the salt precipitated by alcohol, 42°5 c.c. the amount equivalent to the 
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soluble salt. On the assumption previously made, the succinic and 
levolactic acids produced in the fermentation would be respectively 
equivalent to 5°32 and 59°8 c.c. of normal acid or alkali. From the 
soluble salt were ultimately obtained 2°5 grams of dextrorotatory 
zinc salt (levolactate) containing 23°16 per cent. of zinc. 

Mannitol Fermentation C.—In this experiment, 6 grams only of 
mannitol were employed, and 0°8 gram peptone, with 250 c.c. water. 
The fermentation lasted 66 days. On colonising the cells of the 
orgavism in peptone jelly, colonies both of the ascoid type and of the 
moist type were obtained. With one of the former colonies the 
dextrose fermentation D was started. 

The alcohol produced was estimated to be 0°8733 gram from the 
sp. gr. of the distillate, and 0°8564 gram from the amount of chromic 
acid required for its oxidation. The solution containing the organic 
salts was diluted to 500 c.c., and had a sp. gr. of 1:00574; the calcium 
present was equivalent to 45°4 c.c. of normal acid. 

The volatile acids were first estimated on 240 c.c. by distilling 
with 21-7 c.c. of normal hydrochloric acid; on redistillation, they 
corresponded to 3°03 c.c. of a normal solution. 

0'360 gram of anhydrous barium salt gave 0°3455 gram BaSQ, = 

Ba 56°71 per cent. ae 

From this, the formic and acetic acids produced by the fermenta- 
tion are calculated as being equivalent to 2°77 c.c. and 3°55 c.c. 
normal acid, or to 0°1274 and 02130:grams respectively. From 
250 c.c., by treatment with 22°7 c.c. of normal sulphuric acid, volatile 
acids and fixed acids were obtained, respectively equivalent to 
2°92 c.c. and 19°90 ¢.c. of the normal acid. The barium salts of the 
fixed acids contained barium sulphate, 0°104 gram, equivalent to 
0°89 ¢.c. normal sulphuric acid, insoluble salt equivalent to 0 2 c.c 
normal acid, and soluble salt equivalent to 18°05 c.c. To express 
the equivalent amounts on the whole, or 500 c.c., these figures must 
be doubled. Zinc levolactate was again prodaced from the soluble 
salt, and its solubility determined as being 5°08 parts of salt in 10 
parts of water. An appreciable amount of mannitol was recognized 
as having escaped fermentation. An approximate estimation of the 
residual mannitol was obtained from the sp. gr. of the fermented 
liquid with the aid of the following data. 

1:580 grams of calcium acetate, Ca(C,H,O,), (containing 0°4 gram 

Ca), in 100 c.c. water, has a sp. gr. = 1-00912-at 15°/15°. 

Similarly, 1300 grams of anhydrous calcium formate containing 
0°4 gram Ca had a sp. gr. = 100916, and 2°18 grams of the inactive 
lactate containing the same weight of calcium had a sp. gr. = 
101150. The estimated amounts of formate, acetate, and levo- 
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lactate produced in this fermentation are equivalent respectively to: 
2:77 c.c., 3°55 ¢.c., and 36°9 c.c. of normal acid, or to 0°0554 gram, 
0°0710 gram, and 0°738 gram of calcium. The specific gravities 
equivalent to these salts in 500 c.c. are 1°000252, 1°000325, and 
1:00424 respectively; the specific gravities of the mixed solutions, 
assumed to be 1:00482, compared with the observed sp. gr. 100574, 
would allow a sp. gr. of 100092 as being due to peptone matter, 
nutritive salt, residual mannitol, and undetermined products. The 
sp. gr. observed to be due to 08 gram of peptone and the natritive 
salts in 500 c.c. is 1:00064, leaving only 1°C0028 as the sp. gr. due to 
unaltered mannitol and undetermined products, which, expressed as 
mannito?, would correspond to about 0°4 gram. This must be an 
under estimate, as more or less of the tissue substance of the organism 
had not been again brought into solution. One may, however, 
estimate that not more than 5°6 grams of mannitol had, in this 
experiment, undergone fermentation.. The results of the experiment 
may be summed up as follows. 


Alcohol (mean) 
Formic acid........... ees ncseenes 
MS on dbbs'e6secbencesean< 


3°321 grams | 


— iw 
Mannitol fermented not exceeding... 5°6 - 


If allowance is made for sulphuric acid found as barium sulphate 
in the barium salts of the tixed acids, the levolactic acid would be 
3°16 grams. 

The following table gives the results of these three mannitol 
fermentations, the products being expressed in milligram molecules, 
and also in comparison with 6 mols. of generated alcohol. 


Milligvem-melecules. a _ ” 


Mannitol, CHO, 
Alcohol, C,H,V........ 
Formic acid, UH,O, .... 
Acetic acid, C,H,O. 
Succinic acid, C,H,O, .. 
Levolactic acid, C3H,Vs. | 


- 
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Fermentation of Rhamnose. 


Rhamnose Fermentation A.—The fermentations of this sugar are 
specially recorded, as the products obtained differ remarkably from 
those produced by the fermentation of dextrose and mannitol. 

The solution employed for the first experiment had the followirg 
composition. 

Rhamnose, C,H,.0;,H,0 (isodulcite ; m. p. 91°), 8 grams; peptone, 
0:4 gram ; the necessary nutritive salts ; calcium carbonate, 5 grams ; 
and water, 250 c.c. It was inoculated from a colony of the organism 
which had been obtainéd by colonising the cells developed in a 
mannitol fermentation, and allowed to ferment during 106 days at a 
temperature ranging froni 27° to 30°. 

No appreciable trace of alcohol was obtained on distillation. 

The solution of the salts measured 200 c.c., had a sp. gr. of 101238, 
and contained in solution organic calcium salts equivalent to 32°5 c.c. 
of normal acid. 

20 c.c. precipitated by Fehling’s solution gave cuprous oxide equi- 
valent to 0°6720 gram of cuprous thiocyanate, or 0°2188 gram of 
rhamnose (0°4000 gram of rhamnose, under similar conditions, yielded 
1:2285 grams of the thiocyanate). The total residual rhamnose is 
hence 2188 grams, and the amount fermented 5°812 grams. 

150 c.c. distilled, after the addition of 24-4 c.c. of normal sulphuric 
acid, yielded a distillate requiring 14°0 c.c. of normal alkali for neutr- 
alisation ; on redistillation, three portions of volatile acid were col- 
lected, requiring respectively barium hydrate equivalent to 6-48, 6°48, 
and 0°32 c.c. The barium salts of the two first portions were rendered 
anhydrous, and submitted to analysis. 


Fraction 1. 0°8105 gave 0°7395 BaSO,. Ba = 53°65 per cent. 
2. 07845 ,, 07135  ,, Ba = 53°48 = 
Barium acetate contains Ba = 53°72 - 

It may hence be concluded that the volatile acid produced in the 
fermentation is equivalent to 17-7 c.c. of normal acid (17°7 milligram- 
molecules), and to,be practically all acetic acid. The fixed acids of 
the aliquot part, extracted by ether alcohol, were neutralised by 
barium hydrate. The barium salts were separated into barium 
sulphate equivalent to 1:36 c.c. normal sulphuric acid, organic salt 
precipitated by alcohol equivalent to 04 c.c., and soluble salt equi- 
valent to 8°32 c.c. of normal acid. The latter was changed into a zine 
salt giving the following data on examination. 

03877 lost 0°0712 at 130°, giving H,O = 18°37; and required 
260 c.c. N/10 barium hydrate for precipitation of the metallic 
hydrate; hence Zn = 0°0845 gram; Zn = 21°80. 

Zn(C;H;0;).,3H,0 requires H,O = 18°18; Zn = 21°88 per cent. 
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That this salt was the inactive lactate was confirmed by deter. 
mining its solubility in water. 
4°360 grams of solution, prepared by keeping a nearly saturated 
solution in contact with an excess of the salt for two days, 
contained 0°0171 gram of zinc, corresponding to 0°0784 gram of 
crystalline salt, whence the solubility proves to be 1°83 parts of 
salt in 100 parts of water (temp. 18°). 


The result of the fermentation is as follows. 


Alcohol, C,H,O errr TT ae 

Formic acid, CHO, .. cccccccccese nil 

Acetic acid, C,H,O...... coccesece 1°062 grams 

Succinic acid, Cy,H,O, 0030 =, 

Inactive lactic acid, C;H,O; (by 
difference)...... ora mn 


Total ccccccccce BED - ap 
Rhamnose, C,H,.0;,H,O fermented, 5°812 _,, 


Rhamnose Fermentation B.—As in the last experiment, even after 
106 days, an appreciable amount of the sugar had escaped fermenta- 
tion, a larger proportion of peptone was employed in this case, 


namely, 0°5 gram to 6 grams of rhamnose. 

The liquid was inoculated with a colony of the organism obtained 
by colonising the cells produced in a dextrose fermentation. The 
time allowed for the fermentation was 32 days. Before examining 
the products, a direct inoculation of the organism was made into 
another flask, C, of rhamnose broth. 

The contents of the flask B were found to be free from alcohol. 
The solution measured 250 c.c., had a sp. gr. of 1°00816, and con- 
tained calcium salts requiring 18°4¢.c. of normal sulphuric acid for 
their decomposition. In 10 c.c. the residual rhamnose was found 
equivalent to 0°343 and 0°353 gram of copper thiocyanate, according 
to two separate tests, or, taking the average of the two results 
to be 0°1133 gram, in 250 c.c. the residual rhamnose would be 
2°832 grams, and that which had undergone fermentation, 3°168 grams. 
From examination of an aliquot part, the total volatile acid was found 
to be equivalent to 10°1 c.c. of normal alkali; its barium salt, when 
dried, proved to be barium acetate. 

0°8790 gave 0°8015 BaSQ,, indicating 60-25 as the molecular weight 

of the acid. 

Succinic acid equivalent to 1:1 ¢.c, and lactic acid by difference) 
equivalent to 7°2 c.c. of normal acid were indicated by separation of 
the barium salts of the fixed acids. 
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Of the zinc lactate, only the solubility was determined, owing to 
the accidental loss of the greater part; 8°055 grams of a saturated 
solution (average temperature, 23°) contained zinc equivalent to 
93 c.c. of N/10 barium hydrate, corresponding to inactive zinc lactate, 
Zn(C;H,O;),3H;0, 0°1381 gram. 
data is 1°74 parts of salt in 100 parts of water. 

The results of these two fermentations are compared in the follow- 


ing tables. 


The solubility according to these 


Milligram- 
molecules. 


Molecular 
proportions. 
Rhamnose = 1. 


Molecular 
proportions. 
Rhamnose = 9. 


B. — 


Rhamnose (CoHi,0e) - : . 1 | 
Acetic acid ..... ° ‘ : , 0°580 : 
Succinic acid . 0:03 ‘ 
‘4 | 

| 


Inactive lactic acid . a 0°413 


The results of fermentation B could not be expected to be in close 
accord with those of A, seeing that in the former the products of 
only 3'168 grams of the sugar are dealt with ; that acetic and inactive 


lactic acids are the chief products is, however, amply confirmed. This 
is the second example of a bacterial fermentation of a pentose, 
rhamnose. having been satisfactorily determined to belong to that 
class of sugars, and to be a methylpentose. Arabinose, the best 
known of the pentoses, has already been made to undergo bacterial 
fermentation (P. F, Frankland and MacGregor, Trans., 1892, 61, 
737), the observed products being ethyl alcohol, acetic and formic 
acids, and a small proportion of an unidentified acid. 

In the fermentation of rhamnose, the fact is specially noteworthy, 
that the bacterial organism which ferments dextrose to form levo- 
lactic acid so attacks the methylpentose as to form inactive lactic 
acid. The differences in the proportions and nature of the products 
must be due to the differing molecular constitution of the glucoses. 
As regards the spacial arrangements of the groups in the two sugars, 
our knowledge of them is not yet sufficient for theoretical expression. 
To some such difference may be due the formation of the two lactic 
acids. These fermentations of the glucoses are being continued in 
‘the anticipation of confirming this view, and bringing about with the 
same organism a dextrolactic fermentation, and also in the hope of 
throwing more light on the spacial arrangements of the groups in the 
glucose molecules, I have already determined that fermentations of 
the hexoses, mannose (seminose) and galactose yield levolactic acid, 
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To determine whether this organism, after fermenting rhamnose 
<o as to form inactive lactic acid, still behaved as a levolactic ferment 
towards dextrose, an inoculation of the organism from the rhamnose 
flask C, mentioned above, was made into a dextrose fluid containing 
dextrose, 9°29 grams, peptone, nutritive salts, and calcium carbonate, 
This fermentation was allowed to proceed, with frequent agitation, 
during 39 days, when colonies of the organism were cultivated in 
peptone jelly, and the products of the fermentation of the dextrose 
determined. 

The alcoholic distillate weighed 56°44 grams, and contained, accord- 
ing to its sp. gr. of 0°99846, 0°495 gram (or 10°76 millimolecules) 
of ethyl alcohol. The calcium salts in solution required 60°9 c.c. of 
normal acid for their decomposition. The solution measured 250 c.c., 
had a sp. gr. of 1°0145, and contained a trace only of dextrose. 

From 230 c.c., the volatile and fixed acids were separated in the 
manner already described; the proportions of acids expressed in 
equivalents of normal acid on the 250 c.c. were determined to be as 
follows. 

Volatile acid, 2°77 c.c.; succinic acid, 13°5 c.c.; levolactic acid 
(by difference), 44°6c.c. The volatile acid proved to be chiefly acetic 
acid, having a molecular weight of 60°3. That the lactic acid was 
levolactic acid was proved by analysis of the first crop of crystals 
obtained on crystallising the zinc salt. 


I. 0°7006 lost 0°0881 at 130°. H,O = 12°57. 

II. 0°6572, again crystallised and examined, lost 0°0848 at 130°, 
and required 46°6 c.c. of N/10 barium hydrate for precipitation 
of the metal = 0°1514 gram Zn. H,O = 12°93; Zn = 23°04. 

Zn(C;H,;0;),,2H,0 requires HO = 12°90; Zn = 23°29 per cent. 


The solution of the barium salt obtained in the above test was con- 
centrated and examined with polarised light. It exerted a marked 
dextrorotatory action on the plane of polarisation, an action changed 
to a levorotation on acidifying the liquid with hydrochloric acid. 
That the action of the organism as a ferment of dextrose had been 
practically unchanged by previous cultivation in rhamnose fluids, is 
further indicated by the quantitative results, which are as follows. 


Milligram- Molecular proportions. 


molecules. 


Dextrose = 1. | Dextrose = 9. 


Dextrose (C§gH 20g)... weve eecees 7 9 


1°9 


Alcohol ...... 
Bewmle acid co cccccccecucecesse 
Acetic acid..... 
Succiniec acid é 1°17 
Levolactic acid (by difference) .. , ‘ 7°78 
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If in the estimate of the levolactic acid is not included the acid 
equivalent to the small amount of sulphuric acid found as barium 
sulphate among the barium salts of the fixed acids, namely, 2°2 c.c. 
of normal acid, the proportion of the levolactic acid becomes 7°4: 9 
of dextrose. 

Summary. 

The following is a summary of the experimental results, and the 
conclusions to be derived from them. 

1. The organism producing a levolactic fermentation of dextrose 
is anaérobic, and characterised by forming two kinds of growth upon 
solid media—a white growth of moist appearance, consisting chiefly 
of rods and cocci, and a tough, tapioca-like growth, consisting of 
ascococci. The ascoid form of growth may be made to give rise 
solely to the rod or coccus forms by development in media where no 
acid is formed by the organism, for example, by cultivation in 
glycerol fluids. The development of the ascoid form is apparently 
induced by unfavourable conditions of growth, conditions favouring 
spore formation. 

2. The fermentations brought about by this organism, under aérobic 
conditions, in solutions of dextrose, mannitol, and rhamnose, are 
fairly constant in character. From 9 mols. of dextrose the organism 
produces alcohol, 2 mols.; succinic acid, 1; levolactic acid, 7 to 8; 
and acetic and formic acids in smaller and variable proportions. 
Through changes which are probably secondary, the levolactic acid is 
slightly lessened in amount when the organism has grown in the 
ascoid form. From 9 mols. of mannitol are produced, alcohol, 6 ; 
acetic acid, 1; formic acid, 2; levolactic acid, 12 mols., together with 
less appreciable amounts of succinic acid. In some fermentations, 
owing to undetermined conditions, these molecular proportions of 
formic and levolactic acids became 1 and 9 respectively. From 
9 mols. of rhamnose are more slowly produced 4 mols. of inactive 
lactic acid, and 5 of acetic acid, alcohol being absent. 

3. After cultivation in rhamnose solutions, with consequent forma- 
tion of inactive lactic acid, the organism loses none of its character 
as a levolactic ferment of dextrose. 

4. The products of bacterial fermentation depend in quantity and 
in character on the molecular constitution of the substance attacked. 
The study of the dextrose fermentations, those most capable of 
accurate observation, tends to indicate that the attack of the organ- 
ism is directed simultaneously against nine or other multiple number 
of molecules—that is, against a group of molecules—rather than 
against single molecules. 

College of Chemistry, 


Duke Street, Liverpool. 
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XCII.—Piazine (Pyrazine) Derivatives. IT. 
By Arraur T. Mason, Ph.D., F.I.C. 
In my first papers (Trans., 1889, 55, 97; also Ber., 20, 267), I have 


shown that ethylenediamine easily acts on benzil with elimination of 
2 mols. H,O and the formation of a compound which, as it is easily 
reconverted into these substances by the action of dilute mineral 
acids, cannot be regarded as a true piazine derivative, 


C,H,: co 4 GH NH, pany H, 
- 2H,0. 
oH,6o + éHyNH, = GHyC:n-GH, * 722° 


If heated at 200°, however, it yields 2 : 3-diphenylpiazine, which is 
not affected by dilute acids, 


C.HsC:N- CH, C,H; C—N—CH 

= UI H,. 

O.HyC:N-CH, ~ (Hy fy ae + 2 
From phenanthraquinone and ethylenediamine, in a similar manner, 
« well-defined compound is obtained which is not affected by hydro- 
chloric acid even at 200°, and, in consequence, can only be true 


phenanthrapiazine, 


eH CO CHy NH, - nd —CH 
Kaeo + CH,NH, Hy _N_CH + 2H,0 + H). 


Exactly the same results were obtained by Strache (Ber., 21, 2358), 
on condensing @-propylenediamine with benzil and phenanthra- 
quinone ; from benzil he obtained the unstable compound 

C.H;C:N- CH: 
C.H,O:N-CH-CH,’ 
and this, as will be shown later, can be converted by distillation into 


the very stable 2 : 3-diphenyl-5-methylpiazine, oe Ht Non: 


From phenanthraquinone and a-propylenediamine he obtained the 
CoH ‘ ‘C— N—CH 
C.Hy C—N —C- CH; 

Now a more exact experimental investigation has shown that in 
preparing 2 : 3- diphenylpiazine by heating the intermediate product 
at 200°, a third compound, isomeric with the intermediate product, is 
formed, and can be isolated by suitable treatment, derivatives of 
which can be subjected to analysis; it is a strong base, but very 
unstable, and very easily oxidised by the air, even in acid solution. 
As it yields benzoyl and acetyl derivatives, it must contain imide 


stable phenanthramethylpiazine, 
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groups, the hydrogen having “ wandered ” from carbon to nitrogen 
tal detail s pepe), 
(for experimen etails see next paper), OH, Ce NB: CG H 


The existence of this hydride, and its easy oxidation to 2: 3-di- 
phenylpiazine, is highly interesting, and may be regarded as direct 
evidence that the true piazines contain a “ para-bond,” and not the 
double bond between carbon and nitrogen, which the following 
formula for 2 : 3-diphenylpiazine would imply, aa “— io 

The fact that Strache and I obtained stable piazine derivatives 
from phenanthraquinone, as first and only products, whereas benzil 
gave an unstable intermediate compound in both cases, caused me to 
study this action more closely, and, as will be shown in the following 
pages, I have been able to isolate intermediate products which, by the 
aid of oxidising agents, are easily converted into the stable end 
products above mentioned. In all probability these intermediate 
compounds are the true piazine hydrides, as on warming with 
mineral acids they are not reconverted into the parent substances, 
but simply lose hydrogen. Thus we have for the five compounds 
from benzil, phenanthraquinone, and ethylenediamine the following 
formule, which may be regarded as typical. 

C.Hs'C-N ‘CH, C.HsC-NH-CH C.Hs ee 
CeH,C:N-CH, C.HyC-NH:CH C.H,°C- 
From benzil. 
C.HyC-NH-CH CoHe C- ‘N: ‘CH 


I | 
C,H,yC-NH:CH G.Het ‘N: CH 
. ae J 


From phenanthraquinone. 


2 : 3-Diphenyl-5-methylpiazine, C, “ -C—N—C-CH;, 


The unstable intermediate product prepared by Strache (Ber., 21, 
2363) by heating a-propylenediamine with benzil in alcoholic solu- 
tion was subjected to distillation, at the ordinary pressure, from 
a fractionating bulb; the product came over undecomposed at 
350—360°, solidifying partially to a mass of crystals in the course of 
several days. After being several times recrystallised from com- 
mercial acetone, it formed a white, crystalline powder melting at 
86—87°. It was dried over sulphuric acid for analysis. 
0°1856 gave 0°5665 CO, and 0°0939 H,O. C = 83:24; H = 5°62. 
0°1346 gave 13°6 c.c. moist nitrogen at 19° and 723mm. N = 11°03. 

C,,HyN, requires C = 82°92; H = 5°69; N = 11°38 per cent. 

482 
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It dissolves in cold, concentrated hydrochloric acid, giving a 
golden-yellow solution. It is soluble in dilute hydrochloric acid on 
heating, and is not precipitated by cooling or adding water, and the 
addition of platinic chloride causes no precipitate. The base is easily 
soluble in cold ether, moderately in cold alcohol, very easily in hot 
alcohol, easily in warm light petroleum (b. p. 35—55°), and separates 
from the latter, on standing, in ill-defined crystals ; from dilute 
alcohol it separates in beautiful flakes, like snow ; it is easily soluble 
in cold benzene. With concentrated sulphuric acid, the base gives a 
golden-yellow colour which gradually changes to red on heating; 
water produces no precipitate in these solutions. 

Picrate, CyHyN2,C.H,(NO,);;OH.—A mixture of the base and 
picric acid in molecular proportion was heated for a short time in 
alcoholic solution on the water bath, and water added until the solu- 
tion became opalescent. After a time, the new compound separated 
in yellow, prismatic needles. It was recrystallised from dilute 
alcohol, dried on a porous plate, and then over sulphuric acid ina 
vacuum. 


0°1527 gave 20°2 c.c. of moist nitrogen at 15° and718mm. N = 14°62. 
C,,H,NyC.H.(NO,);OH requires N = 14°73 per cent. ; 


The picrate is easily soluble in cold ether, benzene, and alcohol, 


but only very sparingly in light petroleam (b. p. 35—55°). The 
melting point is 137—138°; on boiling with water, however, it melts, 
and the solution assumes a yellow colour, owing to decomposition 
into its constituents. 


Intermediate product from Phenanthraquinone and Ethylenediamine. 


‘O-NH: 
Phenanthrapiazine-1 : 4-dihydride, GHG tm 


C,H, C-NH-CH™ 

As this compound is very easily oxidised, and cannot be recrystal- 
lised without danger of the formation of phenanthrapiazine, it is 
advisable to prepare it from pure materials. A mixture of 5 grams 
of quinone, 3 grams of diamine, and 50 c.c. of alcohol was heated 
nearly to boiling on the water bath, until the whole had dissolved ; 
if the quinone be finely powdered, and added to the hot alcoholic 
solution of the diamine, two or three minutes will suffice, the solu- 
tion becoming deep red. It was quickly filtered, and then water 
gradually added as long as anything separated, the beaker becoming 
filled with a thick mass of very fine needles ; these were immediately 
collected by aid of the pump and washed with 50 per cent. alcohol, when 
they formed a pale yellow, felt-like mass, composed of long, fine needles. 
They were quickly dried by pressing on a porous plate, and after- 
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wards over sulphuric acid in a desiccator which had been filled with 
carbon dioxide and exhausted. At the expiration of several hours, 
they were analysed, and gave the following numbers. 


I. 01525 gave 0°465 CO, and 0:071 H,O. C = 83:15; H = 5:17. 
Il. 0°1316 ,, 0°4013 CO, and 0°062 H,O. C = 83:16; H = 5-23. 
C\sHy»N:, requires C = 82°76; H = 5:17 per cent. 


The melting point of the freshly prepared compound, dried quickly 
by powdering and pressing on a porous plate, is 97—99°, slight 
darkening taking place at 90°. On exposure to air, the colour deepens 
at first and then becomes lighter, the melting point sinking at first to 
below 90° and then gradually rising. The melting point of a sample 
of the powdered substance rose in 24 hours to 130°, whereas un- 
powdered material, even after a week, melted below that temperature. 
When freshly prepared, it is easily soluble in cold alcohol, ether, and 
benzene, very easily in cold acetone, but only sparingly in light petr- 
oleum (b. p. 35—55°). Phenanthrapiazine, on the other hand, is very 
sparingly soluble in cold alcohol. The solution of the compound in 
alcohol is yellow, but, on the addition of ferric chloride (alcoholic), 
becomes red, and on warming slightly, oxidation sets in, the solution 
assuming a greenish tinge; on cooling a little, the voluminous end 
product, phenantkrapiazine, separates in needles melting at 180°. It 
dissolves partially in dilute hydrochloric acid, forming a chocolate- 
brown liquid, which, on boiling, becomes lighter in colour, resinous 
prodacts separating. It is, also, only partially soluble in cold, con- 
centrated acid, a deep green-coloured solution being obtained; on 
heating, however, the whole goes into solution, the colour gradually 
changes to yellow, and phenanthrapiazine begins to separate owing to 
the acid getting weaker. 

It dissolves in acetic anhydride, forming an almost black solution, 
which, on boiling, becomes almost colourless, phenanthrapiazine crys- 
tallising out on cooling: this shows that the acetyl derivative must 
be a very unstable substance, but the fact that the intermediate pro- 
duct is not decomposed into its constituents by mineral acids is, I 
think, sufficient proof that we have to do with a hydride of a true 
piazine. 

Platinochloride, (C\sHi:N:)2,H,PtCl.—The base was dissolved in 
cold alcohol, concentrated hydrochloric acid added, and then alcoholic 
platinic chloride. A reddish-brown precipitate immediately sepa- 
rated, which was collected and washed with alcohol. For analysis, it 
was dried first on a porous plate, and afterwards at 90°. 


0°1667 gave 0°0372 Pt. Pt = 22°25. 
(CisHi2N2)2,H:PtCl,, requires Pt = 22°26 per cent. 
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The salt is sparingly soluble in dilute hydrochloric acid and insoluble 
in alcohol. It is decomposed by boiling with water. 


Intermediate product from Retenequinone and co aaasnpen Methyl- 


>OHe C NH:CH 
isopropylphenanthrapiazine 1 : 4-Dihydride, OH én Ht. NE te 
A mixtare of 5 grams of quinone, 3 grams of diamine, and 50 c.c. 
of alcohol was heated to boiling on the water bath until all the quin- 
one was dissolved, about 10 minutes boiling being necessary; the 
deep red solution was then cooled, and water added until a permanent, 
turbidity was produced. After.a lapse of 12 hours, long, golden- 
yellow needles had separated, which were recrystallised by dissolving 
in acetone (b. p. 56—58°) and adding a small quantity of water. 
This melting point was 77—79°. On analysis, after drying in a 
vacuum over sulphuric acid, 


0°1302 gave 0°4023 CO, and 0°:0866 H,0. C = 8426; H = 7:39. 
01170 ,, 0358 » 00732 ,, C = 83°44; H = 6°95. 
CoHN, requires C = 83°33; H = 6°94 per cent. 


The compound crystallises in long, golden-yellow needles, and is far 
more stable than the corresponding compound from phenanthraquinone. 
It is easily soluble in cold ether, warm alcohol, cold benzene, and light 
petroleum (b. p. 35—-55°), moderately soluble in cold alcohol, and very 
easily in cold commercial acetone (b. p. 56—58°). When mixed with 
dilute hydrochloric acid, it darkens in colour, but does not completely 
dissolve, even on boiling with a large quantity of the acid. It dis- 
solves partially in the cold concentrated acid, a dark green liquid 
being obtained, but, on heating, the whole becomes pale yellow, owing 
to the formation of the final product described below. The dihydride 
slowly dissolves in acetic anhydride, giving a dark brown solution, 
which, on warming, turns pale yellow, and, on cooling, the final pro- 
duct separates in long needles. 


CH; 
Methylisopropylphenanthrapiazine, C; ae Ss ie 


(With Mr. L. A. Drrroos.) 


This, the final product of the interaction of retenequinone and 
ethylenediamine, can be prepared by the oxidation of the foregoing 
dihydride with alcoholic ferric chloride. It is not necessary to isolate 
that compound, but simply to treat the solution obtained by heating 
the quinone and diamine with alcohol for 10 minutes with about 


ble 
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5 grams of anhydrous ferric chloride dissolved in alcohol. The mix- 
ture is heated for some time on. the water bath, filtered, and then 
sufficient water added to produce a permanent turbidity. After a 
time, a crystalline mass separates, which is collected and repeatedly 
recrystallised from alcohol, using a small quantity of animal charcoal. 
The compound is finally obtained in very pale yellow, slender needles, 
similar to phenanthrapiazine, only slightly darker in colour. The 
melting point is 110—111°. It was dried at 90° for analysis and gave 


the following numbers. 


I. 0°1235 gave 0°382 CO, and 0°07 H.O. COC = 8435; H = 6°29. 

II. 0°1215 ,, 03753 CO, and 0°0692 H,0. C = 8424; H = 632. 
0°1304 ,, 11°3c.c.moist nitrogen at 12°and 714mm. N = 9°55. 
CHiN. requires C = 83°91; H = 6:29; N = 9°79 per cent. 


The compound is easily soluble in benzene, ether, and light petr- 
oleum in the cold, also in hot alcohol, but only sparingly in the cold, 
and insoluble in water. It is a weaker base than phenanthrapiazine, 
not being attacked by concentrated hydrochloric acid. It easily dis- 
solves in conceutrated sulphuric acid, a splendid olive green solution 
being formed ; on adding water, it is reprecipitated in pale yellow 
flocks. The solution in concentrated acid becomes brown on boiling, 
and water does not then produce a precipitate, a sulphonic acid being 


formed. 


Intermediate product from Chrysoquinone and Ethylenediamine. Ohryso- 


oH, C NH: CH 
piazine 1 : 4-Dihydride, nt CNH: C H 
The chrysoquinone used was prepared by Bamberger’s method (Ber., 
23, 1357), by oxidising pure chrysene with chromic acid. 2 grams 
of the quinone, 0°8 gram of diamine, and 50 c.c. of alcohol were 
heated to boiling on the water bath in a flask connected with a reflux 
condenser. The quinone completely dissolved, yielding a deep red 
liquid, but the dihydride soon began to separate as a dark-coloured, 
crystalline powder. After 30 minutes boiling, the solution was 
cooled, and the product collected and washed with cold alcohol ; it 
was then dissolved in acetone, the solution filtered, and a small quan- 
tity of water added. On standing, the compound separated in 
brownish-red, crystalline aggregates, which, after a second crystallisa- 
tion, melted at 132—133°. It was dried at 90° for analysis. 


0°1523 gave 0°4767 CO, and 0°0703 H,O. C = 85°36; H = 5:12. 
C»H,N, requires C = 85:14; H = 4:96 per cent. 


The dihydride is sparingly soluble in hot alcohol and cold ether, 
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more easily in boiling ether, easily in cold benzene and acetone, 
sparingly in warm light petroleum. When mixed with dilute hydro. 
ehloric acid, it gives a dirty brown mass which does not dissolve on 
boiling; the cold concentrated acid dissolves the compound, giving 
a dark brown solution, which, however, spontaneously changes to 
golden-yellow. It dissolves in concentrated sulphuric acid, giving 
a blue solution which becomes brown on boiling. 


. . OgHyC 
Chrysopiazine, b,,Hy Ho i H 


The compound is best prepared by oxidising with ferric chloride 
the crude dihydride, such as is obtained after collecting and washing 
with alcohol. The crystalline powder is boiled with alcohol, and an 
alcoholic solution of ferric chloride added, the boiling being continued 
until it has all passed into solution, the piazine being more soluble in 
alcohol than its dihydride. On standing, the compound separates in 
brown, prismatic needles, which are recrystallised from alcohol, 
using animal charcoal. On repeating this process, white, matted 
needles are obtained melting at 128—129°. For analysis, the com- 
pound was dried at 90°. . 


0°110 gave 0°3474 CO, and 0°0463 H,O. C = 8613; H = 4°67. 
CH,.N; requires C = 85°71; H = 4°28 per cent. 


The substance is moderately soluble in hot alcohol, easily in cold 
ether, benzene, and acetone, very sparingly in light petroleum. It is 
not attacked by dilute hydrochloric acid, but dissolves easily in the 
cold, concentrated acid, giving a yellow solution, from which platinic 
chloride precipitates a yellow, indefinitely crystalline salt. It dis- 
solves in cold, concentrated sulphuric acid forming a deep violet 
solution which becomes brown on boiling. 


Phenanthraquinone and a-Propylenediamine. 


The final product has been characterised by Strache (Ber., 21, 
2362). The experiments made to prepare an intermediate product 
have been unsuccessful hitherto, the compound invariably separating 
as a dark brown, uncrystallisable oil; this, however, undoubtedly 
contains the dihydride, as on oxidation with ferric chloride the end 
product is formed quite normally. 


iro. 
On 
‘ing 
} to 
ing 


T_T YT FF 
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Retenequinone and a-Propylenediamine. Methylisopropylphenanthra- 


CH; 
fazt . . H,-C-NH-OCH 
thylpiazine 1 : 4-Dihydride, C.H.> oate 
sili ;  OHeO-NH'O-CH, 


Five grams of quinone, 2 grams of diamine, and 50 c.c. of alcohol were 
boiled for 15 minutes on the water bath, and the dark red solution 
filtered. Water was then added in quantity sufficient to cause a perma- 
nent turbidity, and the whole allowed to remain over night, when a 
small quantity of a dark oil separated; the clear solution was then 
poured off into another beaker, and more water added. The compound 
soon began to separate as a yellow, crystalline powder and by adding 
a little water from time to time the quantity was considerably in- 
creased. It was collected, washed with dilute alcohol, and recrysial- 
lised by dissolving in acetone, and adding a little water; on standing, 
the dihydride separated in flat, yellow needles. For analysis, they 
were dried in a vacuum over sulphuric acid. 


I, 0°1012 gave 0°3113 CO, and 0°068 H,O. C = 83°89; H = 7°46. 

Il. 01016 ,, O3111 ,, 00677 , C = 8350;H = 7°43. 

01081 ,, 9%4c.c. moist nitrogen at 19° and 723mm. N = 9°49. 
C,,H»N, requires C = 83°44; H = 7:°28; N = 9°27 per cent. 


The melting point is not sharp; it sinters at 75—80°, and melts at 
83—85°. It is easily soluble in alcohol and ether, and moderately in 
light petroleum (b. p. 35—55°). On mixing with dilute hydrochloric 
acid, it turns deep red, the solution assuming a greenish tinge; on 
heating, the crystals become lighter in colour, but do not dissolve. Con- 
centrated acid dissolves the substance, giving a dark green solution, 
which becomes paler on heating, the final product gradually separating. 
The dihydride dissolves also in acetic anhydride, forming a golden- 
yellow solution, which becomes pale yellow on boiling; on cooling, 
the piazine gradually separates in long, colourless needles. 


Methylisopropylphenanthramethylpiazine, on> ( ~~ es fon: 
— 3 


This piazine was prepared by the general method, namely, oxidising 
with ferric chloride the above-mentioned dark red alcoholic solution 
of the crude dihydride. On cooling the filtered solution, the piazine 
separates as a yellow, crystalline mass, and, by redissolving in alcohol 
and boiling for some time with animal charcoal, can be easily ob- 
tained in the form of very slender, colourless needles, matted together. 
It was dried at 100° for analysis. 
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0°1527 gave 0°4694 CO, and 00904 H,O. C = 83°83; H = 657. 
Cy HN, requires C = 84:00; H = 6°66 per cent. 


Its melting point is 143—144°. It is moderately soluble in hot 
alcohol, but only sparingly in the cold, easily soluble in cold ether 
and benzene, sparingly in cold light petroleum. It is not affected by 
dilute hydrochloric acid, but becomes yellow on treatment with the 
concentrated acid. 

On dissolving the base in alcohol and adding concentrated hydro- 
chloric acid and an alcoholic solution of platinic chloride, a salt imme. 
diately separated in fine needles; these were washed with alcohol, 
and dried first on a porous plate, and then in a vacuum over sulphuric 
acid. 

0°1821 gave, on heating in a toluene bath, 0°0048 H,O and, on igni- 

tion, 0°0337 Pt. H,O = 2°63; Pt = 18°50 
(CHoN2,HCl),,H,PtCl, + 13H,0 requires H,O = 2°52; Pt 18°23 p. c. 


The platinochloride, (C.,;H2)N2,HCl)2,H,PtCl,13H,O, forms golden- 
yellow needles, insoluble in water or dilute hydrochloric acid, but, on 
heating with the latter, the needles become white, being changed into 
the base. On boiling with alcohol, the salt gradually goes into 
solution, but the base separates on cooling. 


Chrysoquinone and a-Propylenediamine. Chrysomethylpiazine, 
sie C—N—CH 
oH," O—N 0. CH, 


A mixture of 2 grams of the quinone, 0°7 gram of diamine, and 
50 c.c. of alcohol was heated to boiling until the whole dissolved to 
a clear, deep red solution (20 minutes). An alcoholic solution of 
ferric chloride was then added, and the heating continued. The 
compound separated immediately in needles, which were collected 
when cold, dried on a porous plate, dissolved in benzene, and the 
solution boiled with animal charcoal till nearly colourless. On filter- 
ing, evaporating to a small bulk, and adding alcohol, the base was 
obtained in greyish needles which became colourless ou recrystallisa- 
tion from alcohol, and melted at 144—146°. 

For analysis it was dried at 100°. 


0°1233 gave 0°3879 CO, and 0°0546 H,O. C = 85°79; H = 4°92. 
C.,H,N, requires C = 85°71; H = 476 per cent. 


The base is sparingly soluble in boiling alcohol, easily in ether, 
benzene, and acetone. It is not attacked by dilute hydrochloric acid, 
but dissolves in the concentrated acid with a golden-yellow colour. 
The solution in concentrated sulphuric acid is purple, and turns 
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reddish-brown on boiling. The attempts to separate the dihydride 
were not successful, the analytical results being considerably too high 
in the carbon. 


University of Zurich. 


III.* 


XCIII.—Piazine Derivatives. 


By Arruur T. Mason, Ph.D., F.1.C., and L. A. Dryroos, Ph.D. 


Ix the introduction to the foregoing paper, it was pointed out that a 
more exact experimental investigation had shown that the product of 
the action of heat on the unstable compound obtained by the interac- 
tion of ethylenediamine and benzil contained a strong base. The 
methods adopted for the isolation of this compound, and in preparing 
derivatives of it, were as follows. 


C,H; C ‘NH CH 
C,H," C: NH: OH’ 


It was during the preparation of 2 :3-diphenylpiazine by a modifi- 
cation of the method described by one of us (Trans., 1889, 55, 5—99), 
that this observation was first made. The 5 :6-dihydride was heated 
to boiling under diminished pressure (20—30 mm.) during a few 
minutes, allowed to cool to about 90°, and then poured, whilst still 
liquid, into concentrated hydrochloric acid. Digestion on the water 
bath caused the whole to dissolve after a time, and, on adding a 
large quantity of water, the 2:3-diphenylpiazine separated quite 
normally. On drying and weighing, however, it was found that the 
yield was not so high as by the old method, and this led to an ex- 
amination of the filtrate. On adding more water, nothing separated ; 
but, on neutralising with alkali, a copious brown precipitate was 
obtained, which, after collecting and washing, was found to be easily 
soluble in hydrochloric acid, even if very dilute, whilst diphenyl- 
piazine is practically insoluble. The whole was therefore dissolved 
in dilute acid, and, after the solution had been boiled with animal 
charcoal until nearly colourless, it was reprecipitated by alkali, 
collected, and washed well with water. On drying the product, 
however, it was found that it had lost the property of dissolving in 
dilute acid, and, on recrystallising it, it melted at 118—119°, and was 
found to be pure diphenylpiazine. As test experiments proved, this 


* From Mr. Dryfoos’s Dissertation. Zurich, 1891. 


2:3-Diphenylpiazine 1 : 4-Dihydride, 
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change had not been effected by the animal charcoal, for the moist 
substance was easily soluble. In order to exclude atmospheric action, 
the whole operation was repeated with solutions freed from air by 
boiling, and cooling in a current of carbon dioxide, a constant stream 
of this gas being passed over the funnel and into the receiver whilst 
filtering. The drying was effected in a desiccator which had been 
filled with carbon dioxide, and then exhausted; but with all these 
precautions the product was only partially soluble in dilute acid: so 
that the idea of an analysis had to be abandoned. The observation 
may he here recorded, that the decolorised solution of the base in 
hydrochloric acid, even if saturated with carbon dioxide, deposits, 
after a time, white, prismatic needles of diphenylpiazine, and this 
deposition goes on until, in the course of months, no precipitate is 
produced on adding alkali to the solution. Preliminary experiments 
having shown that the hydrochloride could not be dried without loss 
of acid, the cold solution was mixed with platinic chloride; a salt 
separated almost immediately in the form of light yellow plates, 
which, after recrystallisation from dilute acid and drying in the air, 
gave the following numbers on analysis. 


0°2149 lost at 120° 0°0104, and left, on ignition, 0°0575 Pt. H,O = 
4°83; Pt = 26°75. 

0°1070 gave 0°0287 Pt. Pt = 26°82. 

(CysHyN2)s(PtCl,), + 4H,0 requires H,O = 4:97; Pt = 26°86 p. c. 


Although these results agree very well with theory, the formula 
cannot be regarded as a probable one; but no simple formula gives 
numbers which correspond even approximately. We are of opinion 
that the product is a mixture, although it presents a homogeneous 
«appearance under the microscope; in all probability it is formed by 
the oxidising action of the platinum chloride. 

In order to prove that the base contains two imide groups, that 
is, that two hydrogen atoms have “ wandered ”’ from carbon to nitro- 
gen, the action of acetic and benzoic anhydrides was studied. The 
moist base cannot, of course, be used for this pnrpose; so that we 
endeavoured, by adding the anhydrides, either before or immediately 
after heating the 5: 6-dihydride, to act on the base immediately on 
formation; this was completely successful. 


2: 3-Diphenyl-1 : 4-dibenzoylpiazine Dihydride, 
C.HsC-N(CO-C,H,)-CH 
C,H,-C-N(CO-C,H,)-CH 

A mixture of the unstable, intermediate product, the 5: 6-di- 
hydride, with benzoic anhydride, in the proportion of 1 mol. to 2, 
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was heated over a naked flame under diminished pressure (20—30 mm.). 
The mixture was slowly brought to boiling, and, after allowing to 
cool, it was dissolved in hot alcohol and left over night. The 
crystals deposited were collected and washed with ether until nearly 
white, and then boiled with ether to get rid of any benzoic an- 
hydride, diphenylpiazine, and unaltered dihydride, using a reflux 
condenser. The product was collected, redissolved in hot alcohol, 
and allowed to cool, when white, prismatic needles separated melting 
at 188—189°. The substance was dried at 100° and analysed. 


01418 gave 0°4198 CO, and 0:072 H,O. C = 80°74; H = 5:00. 
01921 ,, 11:3 c.c. moist nitrogen at 20° and 725mm. N= 6°41. 
C»H»N.O, requires C = 81:44; H = 498; N = 6°33 per cent. 


The substance is easily soluble in hot alcohol, sparingly in hot 
benzene, and insoluble in ether and water. It is not attacked by 
dilute hydrochloric avid at 100°, but on heating in a sealed tube 
during three hours at 150°, it is converted into the parent sub- 
stances. The solid matter from the tube was extracted with boiling 
water, and the solution evaporated to half its bulk ; on cooling, small, 
white plates separated, having the odour of benzoic acid, and, after 
another crystallisation from water, giving the correct melting point, 
120—121°, The residue, after the extraction with water, was dis- 
solved in alcohol, and the solution filtered ; on cooling, long, yellow 
needles separated, and these, when recrystallised from alcohol, were 
identified as benzil with the melting point 94—95°. The acid filtrate 
from the tabe was treated with platinic chloride, and the brown salt 
which separated recrystallised from dilute hydrochloric acid; the 
yellow, crystalline plates thus obtained were dried at 120° and ana- 
lysed. 

0°1660 gave, on ignition, 0°0686 gram Pt. Pt = 41°32. 

C,.H,(NH,)2,H,PtCl, requires Pt (195) = 41°49 per cent. 


That this salt is really the platinochloride of ethylenediamine, and 
not that of the, as yet, unknown acetylenediamine, was proved by 
comparing it with the platinochloride prepared directly from pure 
ethylenediamine. The two salts separate in exactly the same manner, 
and when examined under the microscope, show exactly the same 
forms ; they have the same colour, are both very sparingly soluble 
in water, far more easily in hydrochloric acid. Both salts, when 
heated on platinum foil, carbonise without melting, and present, 
during the heating, exactly the same appearance. A combustion of 
the salt gave numbers agreeing very well with theory, the hydrogen, 
which is practically the only criterion, being very exact. 


0'2109 gave 00414 CO, and 0°0415 H,0. 
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Calculated for 


CsH,(NH,)s,H.PtCl,.  CoH»(NH,)s,H,PtCl,, Found, 
5°13 p. e. 5°35 p. e. 
1:70 ,, 218 ,, 


2 : 3-Diphenyl-1 : 4-diacetylpiazine Dihydride, 
CoHsC-N(CO-CH:)-CH 
C.H;'C-N(CO-CH;)-CH’ 


10 grams of the 5: 6-dibydride were heated to boiling under 
diminished pressure (20—30 mm.), and allowed to cool to about 
100°; 10 grams of acetic anhydride were then added, and the mixture 
boiled in a reflux apparatus for 15 minutes. The product was 
digested on the water bath with soda solution until the excess of 
anhydride was decomposed, and the residue then crystallised from 
alcohol; the crystalline mass thus obtained, after being thoroughly 
extracted with cold ether in order to remove unaltered dihydride and 
diphenylpiazine, was recrystallised first from alcohol, from which 
it separated in yellow prisms, and finally from boiling ether, when it 
became quite colourless, and melted at 132—133°. As the compound 
is slightly soluble in cold ether, the extraction with that solvent 
entails considerable loss, and the yield was small in consequence. The 
compound was dried at 100° and analysed. 


0°1443 gave 0°3976 CO, and 0°818 H,O. C = 75:14; H = 5:29. 
01463 ,, 12c.c. moist nitrogen at 16° and 720mm. N = 9°05. 
CyHisN20, requires C = 75°47; H = 5°66; N = 8°80 per cent. 


The diacetyl derivative is easily soluble in alcohol and boiling ether, 
but insoluble in water, benzene, and light petroleum (b. p. 35—55°). 
It separates from boiling ether in colourless prisms. It is decomposed 
when heated with dilute hydrochloric acid in sealed tubes at 120°, in 
the same way as the dibenzoyl compound, benzil, ethylenediamine, 
and acetic acid being formed. 


Action of Nascent Hydrocyanic acid on the 5 : 6-Dihydride. Addition 
C.HsCH-N(CN)-CH, 
> O,H,-CH-N(CN)-CH,’ 


A mixture of 10 grams of the dihydride, 6 grams (2 mols.) of 
finely powdered potassium cyanide, and 100 c.c. of alcohol was heated 
to boiling in a flask fitted with a reflux condenser, and 6 grams of 
glacial acetic acid slowly added from a dropping funnel hanging in 
the condenser. A red solution was obtained which soon became 
turbid, a large quantity of an almost white, crystalline powder 


product 
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separating. After cooling, the product was collected, washed with 
alcohol, and dried, when it weighed 11°5 grams, 12°3 grams being the 
theoretical yield for an addition product containing 2 mols. HCN. 
The compound, after recrystallising from a large quantity of boiling 
alcohol, formed glistening, white flakes, melting at 203—204°. It 
was dried at 100° and analysed. 


01275 gave 0°3508 CO, and 0:0636 H,O. C = 75:04; H = 5°54. 
01247 ,, 22 c.c. moist nitrogen at 15° and 708 mm. N = 19°22. 
CisHisN, requires C = 75°00; H = 5°55; N = 19°44 per cent. 


The substance is very sparingly soluble in ether, moderately in hot 
benzene, but only sparingly in the cold, sparingly in hot and almost 
insoluble in cold alcohol. As the analysis shows, the two hydrogen 
atoms [5 : 6] of the dihydride are still in the molecule, the compound 
being a simple addition product. That the CN groups are attached 
to nitrogen was easily shown by hydrolysis with alcoholic potash, 
when neither acid amide nor carboxylic acid was found, but simply 
2 : 3-diphenylpiazine. 

Numerous attempts were made to prepare methyl and ethyl deriva- 
tives of the 1 : 4-dihydride, both from the moist base and also by 
heating the 5 : 6-dihydride with methylic or ethylic iodide in sealed 
tubes, but, although an action took place, the purification of the pro- 
ducts was so difficult that the experiments were abandoned. 


Ole —N—9H 
C.H;-C—N. —C H 


2 : 3-Diphenylpiazine, 


During the attempts made to prepare methyl and ethyl derivatives 
of the 1: 4-dihydride, a new method of preparing 2 : 3-diphenyl- 
piazine was discovered, which we examined more closely, as it led to 
the isolation of another interesting compound; 20 grams of 5 : 6-di- 
hydride was heated with 4 grams of caustic potash in alcoholic 
solution for five hours, using a reflux condenser. The solution 
darkened in colour, and crimson, microscopic crystals gradually sepa- 
rated (tetraphenyldipiazine, see p. 1299); as soon as this separation 
ceased, the crimson compound was filtered off and twice the volume 
of water added to the filtrate, when a yellow, crystalline precipitate 
was formed, consisting of the diphenylpiazine, and, perhaps, a small 
quantity of unaltered dihydride. This was collected and dissolved in 
concentrated hydrochloric acid, whereby all unchanged dihydride was 
decomposed into benzil and ethylenediamine, again filtered, and the 
filtrate precipitated with water, when pure diphenylpiazine was ob- 
tained. 20 grams of dihydride gave 14 grams of diphenylpiazine and 
2—3 grams of tetraphenyldipiazine. 
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By allowing an ethereal solution of diphenylpiazine to evaporate 
slowly, some splendid crystals were obtained, several weighing over 
2 grams, the smaller ones being almost perfect. Dr. Schall had the 
kindness to make a crystallographic examination of them, and reports 


as follows. 


“System: monosymmetrical. 

“Elements. Axial angle: 8 = 82° 27’. 

“ Ratio of axes: a:b: ¢ = 2°5135: 1 : 18443. 
“Forms present: ¢c = {O0l}oP; p = {110}ooP; d = {101} +Boo; 


m = {310}ooR}; o = {112}—P; w= {112}+P; occasionally 
{556}—SP. 


Angle measured. Mean observed. Calculated. 
(001) : (101) *38° 50’ — 
(110) : (110) *43° 44 

(001) : (100) *82 27 

(310) : (100) 39 44 

(001) : (112) 43 72 

(100) : (112) 69 442 

(100) : (112) 80 2 

(001) : (112) 46 2 

(101) : (100) 58 39 

(112) : (112) 30 13} 

(310) : (110) 28 25 

(110) : (101) 78 53 

(112) : (112) 83 53 

(112) : (112) 78 «2 

(101) : (122) 44 583 

(110) : (112) 56 132 

(110) : (112) 43 59 

(112) : (110) 46 44 

(112) : (556) 17 41 
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“The angles marked with an asterisk were chosen as the basis of 
the calculations. The axis is seen through b.” 


2 : 3-Diphenylpiazine is slowly decomposed by dilute nitric acid at 
100°, benzil separating as a pale yellow oil, which, on cooling, 
solidifies to a crystalline mass melting at 94—95°. 

A determination of the molecular weight of diphenylpiazine was 
made in glacial acetic acid with Beckmann’s apparatus. The follow- 
ing results were obtained. 


I. = II. 
Weight of substance .... 01693 gram .. 0°4312 gram 
je acetic acid.... 10°45 = 10°45 
Observed depression.... 0°275° 0°695° 
Molecular weight found.. 230 232 
Theory for CjHy»N2..... 232 


Tetraphenyldipiazine, C,N,(C,Hs),. 


The crimson, crystalline powder obtained as described above is 
insoluble in alcohol and ether ; on boiling with benzene, in which it 
is sparingly soluble, it loses most of its colour, and the pale yellow 
solution, on standing, deposits small, colourless needles, having the 
melting point 271°. The substance was dried at 120° and analysed. 


I. 0°1220 gave 0°3746 CO, and 0°0528H,0. C = 83°74; H = 4°87. 
II. 0:1886 ,, 04248 , 00624 , C= 83°58; H = 5°00. 
III. 01750 ,, 0°536 » 00787 ,, C= 8353; H = 499. 
01450 ,, 16:4c.c. moist nitrogen at 22°and 727mm. N = 12°24. 
CxHaN, requires C = 83°47; H = 435; N = 12:17 per cent. 


Tetraphenyldipiazine has the same percentage composition as phen- 
anthrapiazine, but melts almost 100° higher than that compound ; it 
is insoluble in alcohol and ether, only sparingly:soluble in benzene, 
but more easily in toluene, xylene, and cumene. It seems to occur in 
a variety of colours—that formed, for instance, in the preparation of 
the dibenzoyl compound of the 1 : 4-dihydride being golden-yellow, 
whilst that obtained from the 5 : 6-dihydride by the action of caustic 
potash or glacial acetic acid is carmine-red. On heating with benzene, 
toluene, &c., both preparations lose their colour, and by recrystallising 
once or twice a colourless product is obtained, which does not melt 
higher than the coloured substance; it becomes pink, however, on 
long exposure to light. It is not affected by dilute mineral acids, but 
fuming nitric acid converts it into an amorphous, yellow mass, prob- 
ably a nitro-derivative. It dissolves in concentrated sulphuric acid, 
giving an intensely red solution, the unaltered substance being pre- 
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cipitated on the addition of water. On heating the solution in con- 
centrated acid, however, it becomes lighter in colour, although a 
brownish-yellow tinge remains, even on long boiling; a sulphonic 
acid appears to to be formed, as no precipitate is formed on the addi. 
tion of water. Tetraphenyldipiazine distils, partially undecomposed, 
at a very high temperature, and seems not to be altered by zinc dust 
at a red heat. A determination of the molecular weight by Raoult’s 
method gave the following results. 


I. II. III. 
Weight of substance.. 0°0888 gram 0°2076 gram 0°281 gram 
- phenol,.... 13°24 ” 13°24 “ 1324 ,, 
Observed depression... 0"155° 0°45° 
Molecular weight found 328 358 
Theory for CyHoN, 


A determination in glacial acetic acid or benzene could not be 
made on account of the sparing solubility of the compound in these 
solvents. Attempts made to determine the vapour density under 
reduced pressure by Schall’s method in sulphur vapour were also 
unsuccessful, the substance not being completely vaporised at tha 
temperature. 

The analyses of tetraphenyldipiazine given above led us at first to 
believe that the compound contained four hydrogen atoms more than 
the above formula requires. Such a formula would require 5°17 per 
cent. hydrogen. If we consider, however, that the compound is 
rather difficult to burn and necessitates the passage of oxygen for a 
far longer time than in an ordinary combustion, the deficit of 
0-2—0'3 per cent. seems very improbable. 


Anisil and Ethylenediamine. 2 : 3-Dimethoxyphenylpiazine 
P p CH,0-C,Hy -N-CH, 
5 : 6-Dihydride, CH,0-0,H,-C:N-CH,’ 


Preparation of Anisil.—Boesler’s method was used (Ber., 14, 327), 
as modified by Stierlin (Ber., 22, 376), a solution of anisaldehyde in 
dilute alcohol being boiled for four hours with potassium cyanide. 
The anisoin separates on cooling and continued agitation as a yellow, 
crystalline mass; and, after recrystallisation from alcohol, it is 
oxidised with a concentrated, strongly alkaline, copper solution, this 
last reaction being quantitative. Boesler states (loc. cit.) that he 
obtained a 60 per cent. yield of anisoin, but although we made some 
15 experiments, in only one case did it reach 35 per cent., where 
100 grams of aldehyde were worked up at one time ; generally when 
the prescribed amount of aldehyde was used, a 20 per cent. yield was 
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obtained, and in some cases only 10 per cent. On distilling the 
product with steam, almost the whole of the unaltered aldehyde was 
recovered, but, strange to say, this recovered product, although boil- 
ing at the correct temperature, gave only a trace of anisoin on 
repeating the process, and after a second recovery gave none at all. 
We then tried samples of aldehyde from different sources, but in no 
case did we obtain more than 35 per cent. Whether the aldehyde is 
changed in some way during the reaction, or the commercial product 
contains another compound having the same boiling point, we cannot 
say. Our intention was to investigate the matter later, but unfortn- 
nately our stock of the product was lost by an accident, and as the 
question is not directly connected with our work, we have not taken 
it up again. 

In the oxidation to anisil, Boesler recommends filtering the hot 
solution, from the cuprous oxide formed, but this was found im- 
practicable without using very large quantities of alcohol, as anisil is 
by no means easily soluble even in hot absolute alcohol. We found 
it far better to add twice its volume of water after complete oxida- 
tion, and then concentrated hydrochloric acid slowly, cooling at the 
same time, until the cuprous oxide had been dissolved. The anisil is 
then collected and recrystallised from alcohol. 

Preparation of the Dihydride.—Anisil and ethylenediamine interact 
slowly even at ordinary temperatures ; at a boiling heat in alcoholic 
solution, the action is complete in 20 hours, whilst three hours at 150° 
suffice in sealed tubes; when prepared at the latter temperature, 
however, the solution becomes very dark, and the product is more 
difficult to purify. 

Anisil is mixed with a quantity of alcohol sufficient to keep it in 
solution at 45—50°, a slight excess of diamine added, and the flask 
placed in an oven kept at a temperature of 45—50° fur four or five 
days. The yellow solution thus obtained is precipitated by diluting 
it with twice its volume of water, and the yellow, crystalline mass 
collected and redissolved in alcohol ; on standing, yellow, prismatic 
crystals separate, which are recrystallised from ether. On slow eva- 
poration, large, transparent, glistening prisms gradually separate, 
having the melting point 126—127°. The compound was dried at 
100° and analysed. 


01166 gave 0°3148 CO, and 0°068 H,O. C = 73°62; H = 6:47. 
01428 ,, 18 c.c. moist nitrogen at 24° and 723mm. N = 9°69. 
C,sH,.N,0, requires C = 73°47; H = 6:12; N = 9°52 per cent. 


The new compound is moderately soluble in ether, benzene, and 
chloroform, very easily in alcohol, sparingly in light petroleum, and 
insoluble in water. It dissolves in dilute hydrochloric acid in the 

472 
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cold giving a clear red solution, which, however, soon becomes 
cloudy and far paler in colour; on standing, anisil separates, and on 
redissolving in alcohol gives the characteristic bunches of greenish- 
yellow needles with the melting point 132°. In the acid solution 
from which the anisil has been separated, platinic chloride gives a 
erystalline precipitate, and on recrystallisation from dilute hydro. 
chloric acid pure ethylenediamine platinochloride is obtained. It 
was dried at 120° and the platinum estimated. 


0°1562 gave, on ignition, 0°0646 Pt. Pt = 41°35. 
C.H,(NH;)2,H,PtCl, requires Pt = 41°48 per cent. 


The product is, therefore, decomposed in exactly the same way as 
that obtained from benzil and ethylenediamine. Dr. Schall had the 
kindness to examine some of the beautiful transparent crystals 
obtained from ether. The following is his report. 


“2 : 3-Dimethoryphenylpiazine 5 : 6-Dihydride, 


“ System: probably monosymmetrical. 

“Forms observed: {101} = —Boo, {110} = ooP, {011} = Roo; 
between 110 and 101 and lying in the same zone, a second face 7’ 
appears. 


Angle measured. Mean observed. 
110 : 110 85° 0’ 
110: 101 63° 43’—64° 30’ 
101: Ol1 67° 2 
011 : 110 48 51 
110: 7’ 42 34 

r: 101 21 17 


“Some of the individual crystals were developed in the direction 
of the zone axis from 110, 101, others thick and prismatic in the 
direction of the primary column.” 


On heating above its melting point, the 5 : 6-dihydride is converted 
into 1: 4-dihydride and 2: 3-dimethoxyphenylpiazine, but, unlike 
the diphenyl compound, the decomposition is here accompanied by 
separation of carbon (even in a vacuum). With the material at our 
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disposal we were in consequence only able to prepare a small quan- 
tity of the 1 : 4-dibenzoyl derivative. 


2: 3-Dimethoxyphenyl-1 : 4-dibenzoylpiazine Dihydride, 
CH;0-C,H,-C-N(CO-C,H;)-CH 
CH;0-C,H,-C-N(CO-C,H;)-CH’ 


Equal weights of 5:6-dihydride and benzoic anhydride were 
heated in a sealed tube for three hours at 160—180°. The brown 
viscous contents of the tube were digested with soda until free from 
benzoic anhydride, dissolved in alcohol, and fractionally precipitated 
with water. By repeating this process, rejecting the first portion 
each time, the compound was obtained nearly white. It was finally 
recrystallised from alcohol (dilute), when it formed small, nearly 
white, needles having the melting point 182—183°. A nitrogen 
determination of the compound, dried at 100°, was made. 


0'1583 gave 7°5 c.c. moist nitrogen at 14° and 724mm. N = 5°53 
Cx.HgN,0, requires N = 5°57 per cent. 


The substance is easily soluble in alcohol, ether, and benzene, in- 
soluble in light petroleum and water. 


° — CH;0-C,H,..C—N—CH 
- 3. ul ° 
2 : 3-Dimethoxyphenylpiazine, CH,0-C,H,;C— a _t H 


The 5: 6-dihydride was heated with half its weight of caustic 
potash in alcoholic solution for three hours to boiling. A brown, 
crystalline powder (tetramethoxyphenyldipiazine, described below) 
separated in small amount, and was filtered off. The filtrate wa 
precipitated with water, and the yellow, crystalline mass dissolved in 
ether. On gradual evaporation, long, prismatic needles separated, 
which were perfectly transparent, but had a slightly deeper yellow 
colour than the 5: 6-dihydride. The melting point was 134°, and 
remained constant on recrystallisation. The analysis of the com- 
pound, dried at 100°, gave the following numbers. 


01265 gave 0°3432 CO, and 00634 H,O. C = 73:99; H = 5°56. 
01623 ,, 148 c.c. moist nitrogen at 16°and 709mm. N = 9°89. 
C,,H,.N,O, requires C = 73°97; H = 5°48; N = 9°58 per cent. 


The yield is a good one. Dimethoxyphenylpiazine is easily soluble 
in alcohol, ether, and benzene, moderately in light petroleum, and 
insoluble in water. It dissolves in dilute hydrochloric acid on 
warming, but is precipitated unchanged on adding water. We did not 
succeed in preparing a pure platinum salt or a picrate. The base is 
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decomposed on continued heating with dilute nitric acid, giving 
anisil. It dissolves in concentrated sulphuric acid giving a deep red 
solution which, on heating, becomes at first darker in colour; on con- 
tinued heating, however, it assumes its original tint. On adding 
water to the red solution (prepared with hot or cold acid), the colour 
changes suddenly to pale yellowish-green, but no precipitate is 
formed. 


T'etramethoxryphenyldipiazine, C,N,(Cs-HyOCHs),. 


The brown, crystalline powder formed in the preparation of di- 
methoxyphenylpiazine, when recrystallised from benzene, separated 
in small, yellow prisms melting at 254°. The yield is very small (0°7 
per cent. of the dihydride used), only 0°2 gram being obtained from 
all the experiments made. A combustion with an unusually small 
quantity (0°07 gram) gave results which were too high, but as the 
corresponding compound from 2: 3-diphenylpiazine 5 : 6-dihydride 
had been more exactly investigated, we decided to make only the fol- 
lowing tests with sulphuric acid. In that reagent it dissolves in the 
cold with an olive-green colour, and is precipitated unaltered on 
adding water. On heating the solution in cold acid, the colour 
changes to reddish-brown, and it then gives no precipitate with 
water. The warm acid solution, when treated with a little potassium 
nitrate, gives a black precipitate, which, after washing and drying, 
burns like carbon. Tetramethoxyphenyldipiazine is insoluble in 
alcohol and ether, but moderately soluble in boiling benzene, and more 
easily in toluene and xylene. 


Action of Potassium Cyanide on 2: 3-Diphenylpiazine 5 : 6-Dihydride. 


Whilst experimenting with the unstable dihydride from benzil, we 
had occasion to heat that compound with potassium cyanide in dilute 
alcoholic solution. We found that an action takes place, and that 
the method can be used with advantage for the preparation of an 
interesting series of piazine derivatives. 


Amide of 2:3-Diphenylpiazinecarborylic acid, 
- —CH 
C,HsC—N—C-CONH, 

A mixture of 10 grams of the 5: 6-dihydride, 10 grams of potassium 
cyanide, and 150 c.c. of 80 per cent. alcohol was heated to boiling for 
an hour on the water bath; the whole soon dissolved, and the solu- 
tion became dark red. A small quantity of a red powder (tetraphenyl- 
dipiazine) which had separated was filtered off hot, and the filtrate 
poured into about four times its volume of cold water, stirring well. 


MASON AND DRYFOOS: PIAZINE DERIVATIVES. 1305 


On standing, a thick, red, semi-solid mass fell to the bottom, which, 
after washing with water, was spread on porous plates; it soou be- 
came solid, and when dry was powdered and dissolved in alcohol. 
On boiling for several hours on the water bath, a red, crystalline 
powder was deposited, and more was obtained on evaporating part 
of the alcohol; althongh the compound can be purified by repeated 
crystallisation from benzene, we found it better to dissolve the 
red crystalline powder in alcohol again, and treat the solution with 
sublimed ferric chloride (5 grams for 10 grams of red powder), boil- 
ing for a short time on the water bath. On adding water, the amide 
is precipitated nearly pure, and by recrystallisation from alcohol is 
obtained in the form of colourless needles melting at 197—198°. It 
was dried at 100° and analysed. 

0°1457 gave 0°3953 CO, and 0°0644 H,O. C = 73:99; H = 491. 
01514 ,, 0-409 ” 00658 , C = 73°67; H = 5°04. 
01464 ,, 20°l c.c. moist nitrogen at 16° and736mm. N = 15°49, 
01508 ,, 26cc. ,, = 17° and 735 mm. N = 15°32. 
Cy;HisN;0 requires C = 7418; H = 4°72; N = 15°27 per cent. 


The amide is easily soluble in ether, benzene, and hot alcohol, but 
only sparingly in hot water. It is hydrolysed when treated with 
mineral acids or alkalis, yielding the carboxylic acid described below. 


P eer ° . C,H,C—N—CH ‘ 
2 : 3-Diphenylpiazinecarboxylic acid, 0,H;: t nv = COOH 


The amide was hydrolysed by heating on the water bath with 
alcoholic potash for about an hour; ammonia was liberated, and the 
solution became dark brown. On evaporating, and allowing to stand, 
long, slender needles separated, which were collected with the aid of 
the pump and washed with alcohol; they are the potassium salt of 
the above acid, and are described later. By dissolving this salt in 
water and acidifying with hydrochloric acid, the free acid was preci- 
pitated as a white, crystalline powder, which, after recrystallisation 
from dilute alcohol, separated in small, colourless needles, having 
the melting point 175—176°. The bulk of the potassium salt remains 
in the brown mother liquor first obtained, and it is best to evaporate 
the alcohol, and add water and hydrochloric acid to acid reaction. 
The brown, semi-solid mass thus separated is washed with water, and 
digested on the water bath with sodium carbonate solution, as long 
as anything dissolves; the solution is filtered, and the filtrate again 
precipitated with acid, the process being repeated until the product 
is almost colourless ; on recrystallising from dilute alcohol, the puri- 
fied acid melts at the temperature given above. The substance was 
dried at 100° and analysed. 
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0°1331 gave 0°3634 CO, and 0°0524 H,O. C = 7446; H = 437. 

01585 ,, 0°4348 » 00626 ,, C = 7470; H = 4°37. 

0°1172 ,, 105 c.c. moist nitrogen at 15°and 727mm. N = 10-03. 
C,,H,,N,0, requires C = 75°91; H = 434; N = 10°14 per cent. 


The acid is easily soluble in hot alcohol, ether, benzene, and glacial 
acetic acid, but insoluble in water. It dissolves easily also in aqueous 
solutions of the hydrates and carbonates of the alkali metals. When 
heated above its melting point, the acid gives off carbon dioxide, and 
2: 3-diphenylpiazine is left. A determination of the carbon dioxide 
evolved gave the following numbers. 0°1888 gram gave 0°0296 gram 
CO,. Theory for C,H,N,COOH = 0°030 gram CO,. 

The residue, on distillation, gave a white, crystalline mass melting 
at 119°, the analysis of which agreed closely with 2 : 3-diphenyl- 
piazine. 

0°120 gave 0°3916 CO, and 0°0596 H,O. C= 82:79; H = 5:13. 

C,\.H,,N, requires C = 82°75; H = 5:17 per cent. 


The following reactions were observed with an aqueous solution of 
the ammonium salt of the acid. 

Lead Acetate-——White, amorphous precipitate, soluble in dilute 
acetic acid. 

Mercurie Chloride.—W hite, amorphous precipitate. 

Cobalt Nitrate.—Pink, amorphous precipitate, which became crystal- 
line on heating. 

Copper Sulphate-—Bluish-green, amorphous precipitate ; on heating, 
crystalline. 

Silver Salt, Cy.H,,N.,COOAg + H,O.—The pure acid was dissolved 
in aqueous ammonia, and the solution evaporated until the excess of 
ammonia had been expelled; more water was then added, and the 
hot solution precipitated with neutral silver nitrate. The white, 
amorphous precipitate is pure, and can be obtained crystalline by 
dissolving in dilute ammonia, and allowing the solution to stand over 
salphuric acid, when it is deposited in beautiful, feather-like crystals, 
which, however, are no longer colourless. As the analyses show, the 
compound contains 1H,0, which is only partially expelled at 150° ; at 
higher temperatures, decomposition sets in. The air-dried salt was 
analysed. 

I.:0°2072 gave 0°0551 Ag. Ag = 26°58. 
IT. 01237 ,, 0°0332 Ag. Ag = 26°84. 
C,,H,,N,0,Ag + H,O requires Ag = 26°93 per cent. 
0°2073 gram lost only 0°002 daring six hours at 100°, and only 
0°003 during three hours ut 150°. Theory demands a loss ot 
0°0093. 
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Potassium Salt, C\.H,,N,;COOK.—The preparation of this salt was 
described under the acid ; for analysis, it was recrystallised from hot 
alcohol, in which it is easily soluble; it separated in long, slender, 
silky, white needles. A potassium determination was made on the 
salt dried at 100°; when heated with a few drops of pure sulphuric 


acid, . 

0'0974 gave 0°026 K,SO,. K = 11°96. 

C,,H,,N,0.K requires K = 12°42 per cent. 

Methylic Salt, C,sH,N.;COOCH;.—When the silver salt described 
above was treated with excess of methylic iodide, heat was evolved, 
and the precipitate became yellow. After heating during a short 
time on the water bath, to complete the action, using a reflux con- 
denser, the excess of methylic iodide was distilled off, and the yellow 
residue extracted with hot alcohol. The silver iodide was then fil- 
tered off, and the light brown filtrate concentrated by evaporation 
and allowed to stand. The product soon separated in the form of 
white, prismatic needles, which, after recrystallisation from alcohol, 
melted at 115—116°.. The substance, dried at 100°, was analysed. 


0'158 gave 0°4316 CO, and 0°0692 H,O. C = 7449; H = 4°86. 
C,sH,,N,0, requires C = 7448; H = 4°82 per cent. 


It is easily soluble in warm ether and in benzene, easily in hot 
alcohol, more sparingly in cold, and insoluble in water. 

Action of Alcoholic Ammonia on the Methylic Salt.—0°8 gram of the 
ethereal salt was sealed up in a tube with excess of alcoholic am- 
monia, and heated for an hour at 100°. The solution, on cooling, was 
colourless, but filled with bunches of prismatic needles, which were 
at once recognised as the amide of 2: 3-diphenylpiazinecarboxylic 
acid. On collecting, washing, and drying, the melting point was 
found to agree exactly, namely, 197—198°. 

Ethylic Salt, C\sH;,N.;COOC,H;.—Prepared in exactly the same 
way as the methylic salt, using ethylic iodide. It does not crystallise 
so easily as the methylic compound, and if water be added to the 
alcoholic solution, it separates as an oil. It is best to allow the 
solution to gradually evaporate at the ordinary temperature, when 
the compound separates in yellowish, crystalline tufts. For ana- 
lysis, it was recrystallised from alcohol, when it separated in small, 
nearly colourless, prismatic needles, having the melting point 91—92° ; 
it was dried in a vacuum over sulphuric acid. 

0°157 gave 0°4302 CO, and 0°0742 H,O. C = 74°73; H = 5:25. 
CipHisN,0, requires C = 75°00; H = 5°26 per cent. 

It is easily soluble in cold ether and benzene, easily in hot alcohol, 

more sparingly in the cold, and insoluble in water. 
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Amide of 2 : 3-Dimethoxyphenylpiazinecarborylic acid, 


| 
CH,0-C,H,C—N—C-CONH,’ 


This compound was obtained from the unstable dihydride from 
anisil, in almost the same way as the amide described above. 10 
grams of the dihydride were heated to boiling with 5 grams of potas- 
sium cyanide in 70 per cent. alcohol, for two hours on the water bath, 
und the dark brown solution then poured into water. The reddish 
precipitate thus formed was collected, and washed till free from 
cyanide, dried on a porous plate, and dissolved in benzene. On 
standing, the new compound separated as a white, crystalline mass, 
w hich, after recrystallisation from alcohol, gave small, white needles 
melting at 240—241°. The substance was dried at 100° and 
analysed. 


0°1572 gave 0°390 CO, and 0:0708 H,0. C = 67°66; H = 5:00. 
0°1496 ,, 16°7 c.c. moist nitrogen at 16° and 712 mm. N = 12°16. 
C,,H,;N;0; requires C = 68°05; H = 5°07; N = 12°53 per cent. 


The amide is sparingly soluble in alcohol and benzene, easily in - 
ether, and insoluble in water. Mineral acids and alkalis saponify 
it to 


2 : 3-Dimethoxyphenylpiazinecarbowylic acid, 
CH;0-C.HyC—N—CH 
CH 30°C,H,yC—N—C-COOH 4 
The amide was boiled with alcoholic potash on the water bath, 

until the addition of water to the solution gave no precipitate; the 
alcohol was then removed by evaporation, and the residue taken up 
with water. On acidifying with hydrochloric acid, a pale yellow 
powder came down, which was collected and recrystallised several 
times from alcohol, being ultimately obtained in the form of small, 
yellow needles melting at 224—225°. They were dried at 100° and 
analysed. 


0°1205 gave 0°298 CO, and 0°053 H,0. C = 67:44; H = 488. 
01648 ,, 12:le.c. moist nitrogen at17°and 710mm. N = 7°94. 
CisHigN.O, requires C = 67°85; H = 476; N = 8°33 per cent. 


The acid is soluble is ether and benzene, sparingly in alcohol, and 
insoluble in water; it dissolves easily in alkalisand alkali carbonates. 
A solution of the ammonium salt in water gave the following re- 

actions. 

Lead Acetate—White, amorphous precipitate, soluble in dilute 
acetic acid. 
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Mercuric Chloride.—A white amorphous precipitate. 
Cobalt Nitrate.—Dirty grey precipitate, soluble in hot water. 
Copper Sulphate-—Yeliowish-green precipitate, soluble in hot 
water. 

If heated above its melting point, the acid parts with carbon di- 
oxide, and the residue, which consists of 2 : 3-dimethoxyphenylpi- 
azine, crystallised from ether in yellow prisms melting at 134°. 

Silver Salt, C\sH,N,0,,CCOOAg.—The pure acid was dissolved in 
aqueous ammonia, and the solution evaporated until the excess of 
the latter was removed; on adding neutral silver nitrate, the silver 
salt was precipitated as a slightly yellow, amorphous powder, which 
was washed well with water, and dried on a porous plate. Unlike 
the corresponding salt of 2 : 3-dipheny]piazinecarboxylic acid, it does 
not contain water of crystallisation. It is easily soluble in ammonia, 
insoluble in water. 


0°1161, on ignition, gave 0°0282 Ag. Ag = 24°29. 
C,,.His;N,0,Ag requires Ag = 24°37 per cent. 


The interesting reaction with potassium cyanide which gives rise to 
the acid amides can, we think, be explained by the decomposition 
which aqueous solutions of the metallic cyanides so easily undergo, 
even in absence of air. Such solutions are found to contain potassium 
formate and ammonia, and the formation of these substances shows 
that potassium hydrate and hydrogen cyanide must have existed in 
the same solution, the latter compound afterwards taking up the 
elements of water, like most nitriles, the potassium hydrate coming 
into play again in the-last phase of the action. 

Further, potassium cyanide solutions are strongly alkaline, and as 
shown in the first part of this paper, the piazine 5 : 6-dihydrides are 
converted into piazines in presence of potassium hydrate. We assume 
then, that the hydrogen cyanide gives a kind of addition product with 

C.HsC—N—CH-H 
the piazine which has just been formed, C,H, C_N— GH: cn’ 2nd 
that this easily loses 2 atoms of hydrogen in alkaline solution, giving 
the nitrile a ra The elements of water are then 
C.H;C—N—CH 


t re , ‘d 

aken up, giving the acid amide C,H, C—N—C: -CONH,’ 
solution is not sufficiently strongly alkaline to hydrolyse this com- 
pound, so that it figures as the final product. 


but the 


University of Zurich. 


XCIV.—Condensation Products from Ethylenediamine and Derivatives 
of Acetoacetic acid. 


By Artuur T. Mason, Ph.D., F.1.C., and L. A. Dryroos, Ph.D. 


A CONDENSATION product obtained from ethylenediamine and ethylic 
acetoacetate was characterised several years ago by one of us (Ber., 
20, 273), and in the sequel we described several analogous products 
prepared from substituted acetoacetates in a similar manner. 


Ethylenediamine and Ethylic Ethylacetoacetate. Ethylic Ethylenedi-p- 


amido-a-ethylcrotonate, 
coon 0(CH,)-NH-CH;-CH,-NH-C(CH,): 0<C00c.H, 

A mixture of 14 grams of the. acetate, 20 c.c. of alcohol, and 8 grams 
of ethylenediamine was heated on the water bath for 15 minutes. After 
a lapse of 24 hours, the yellow solution was found filled with crystals, 
which were collected and washed with dilute alcohol; 7 grams of colour- 
less, crystalline plates were thus obtained, which, after recrystallisation 
from alcohol, melted at 106—107°. The yield is a better one if the 
mixture is allowed to stand two or three days at the ordinary tem- 
perature, when the product gradually separates in the form of 
splendid, oblong plates. The compound was dried at 90° and 
analysed. 


0°1238 gave 0°2874 CO, and 0°1074 H.O. C = 63°33; H = 9°61. 
0139 = ,, 10 c.c. moist nitrogen at 13° and 739 mm. N = 8:26. 
C\sHyN,O0, requires C = 63°53; H = 9°41; N = 823 per cent. 


It is easily soluble in hot alcohol, ether, and benzene, sparingly in 
cold alcohol and light petroleum, insoluble in water. Even dilute 
mineral acids decompose it easily, the elements of water being 
assimilated, and the original substances formed. 


Ethylenediamine and Ethylic Methylacetoacetate. Ethylic Ethylenedi- 
p- “4 -a-methylerotonate, 
CH; 


0000, = Ass, 0:0(CH,)‘-NH-CH,-CH,-NH-C(CH,):C< COUCH, 


A mixture of 12 grams of the methylacetoacetate, 20 c.c. of alcohol, 
and 8 grams of ethylenediamine was heated to boiling for a short 
time; on cooling, the product separated in white plates, yield 6 grams. 
The action takes place also in the cold, and is'complete in three or 
four days, the yield being 25 per cent. higher. The compound, when 
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recrystallised from alcohol, formed thick, rhombohedral plates melting 
at 103—104°. It was dried at 80° for analysis. 
0'1596 gave 0°3604 CO, and 0°130 H,O. C = 61:58; H= 9:04. 
0-226 =6©,, 19 c.c. moist nitrogen at 19° and 713mm. N = 9:07. 
CsH2sN.0, requires C = 61:53; H = 8:97; N = 8:97 per cent. 


ives 


The compound is easily soluble in hot alcohol, ether, and benzene, 
sparingly in cold alcohol and light petroleum, and insoluble in water. 


cts It is reconverted into the parent substances by the action of dilute 

mineral acids. 

p- Ethylenediamine and Methylic Acetoacetate. Methylic Ethylenedi-B- 
amidocrotonate, 
COOCH;'CH:C(CH;)*N H:CH,-CH,"N H-C(CH;):CH:COOCH;. 

22 grams of methylic acetoacetate, dissolved in 2 volumes of 

o alcohol, were heated with 15 grams of ethylenediamine for a few 

4 minutes on the water bath. On cooling, white plates separated, and 

: were recrystallised from alcohol; the yield was 20 grams; melting 

a point 136—137°. The compound was dried at 100° and analysed. 

e 01448 gave 0°3002 CO, and 0°1038 H,O. C = 56°49; H = 7:94. 

\- 01856 ,, 178 c.c. moist nitrogen at 14° and 739 mm. N = 10°96. 

f CyH»N,0, requires C = 56°25; H = 7°81; N = 10°93 per cent. 

d 


It is easily soluble in hot alcohol, and crystallises therefrom in 
beautiful, glistening plates; it is also easily soluble in ether and 
benzene, but insoluble in water. Dilute mineral acids decompose it. 

Numerous experiments made to prepare the acids from the above 
ethereal salts gave negative results, products of a syrupy consistency 
being obtained, from which nothing crystalline could be isolated. 


University of Zurich. 


XCV.—Preparation of Mono-, Di-, and Tri-benzylamine. 


By Artuur T. Mason, Ph.D., F.L.C. 


Many years ago Cannizzaro (Annalen, 134, 128) observed that when 
benzylic chloride is heated with an alcoholic solution of ammonia in 
sealed tubes, it is converted into mono-, di-, and tri-benzylamine; an 
advantageous method of preparing and isolating the primary and 
secondary amines has not hitherto been based on this observation, 
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although benzylic chloride is a very cheap commercial product. The 
reasons are, no doubt, the small yield of primary and secondary 
amine, and the trouble and expense which working with sealed tubes 
entails. 

Several years ago I noticed that benzylic chloride is attacked by a 
cold alcoholic solution of ammonia, and that, after standing four or 
five days, the action is complete ; also that if the theoretical quantity 
of ammonia is used, tribenzylamine is the principal product, whereas, 
with a large excess (15—20 mols.), the tertiary base is formed only in 
small quantity, the primary and secondary amines being the chief 
products. 

The details of the method of preparing mono- and di-benzylamine 
are as follows. Ammonia, partially dried by passage through a large 
cylinder filled with soda lime, is passed into commercial absolute 
alcohol until a solution containing 15 per cent. is obtained, and then 
such an amount of benzylic chloride is added that approximately 20 
mols. of ammonia are present to 1 mol. of the chloride. The clear 
solution is allowed to remain for five days at the ordinary tempera. 
ture, and is then slowly heated on the water bath in a flask attached 
to a reflux condenser, the ammonia which is evolved being advantage- 
ously passed into a fresh quantity of alcohol for a second experiment. 
After heating for some time, ammonium chloride begins to separate, 
and it is advisable immediately bumping commences to cool down the 
solution and filter this off. The heating is continued until no more 
ammonia is evolved, and the alcohol is then distilled off. The semi- 
solid product consists of benzylamine hydrochloride, dibenzylamine 
hydrochloride, dibenzylamine, and relatively much smaller quantities 
of tribenzylamine ; it can be worked up by either of the following 
methods. 

First Method.—A concentrated solution of caustic soda is added to 
the mixture, cooling at the same time, until the salts are completely 
decomposed and the bases swim as a thick oil on the surface; the 
whole is then extracted twice with ether, and the ethereal solution 
dried with caustic soda; on distilling off the ether, the mixture of 
bases is obtained in the form of a pale yellow oil. These can be 
separated by fractionation under diminished pressure, using the 
method recommeded by Anschiitz in his pamphlet, “ Destillation 
unter vermindertem Druck im Laboratorium,” or the arrangement 
described below for the distillation of dibenzylamine. 

Second Method.—This is based on the difference in solubility in 
water of the hydrochlorides, and has been used for the preparation of 
several kilograms of the pure bases. The semi-solid, crude product 
is mixed with twice or thrice its volume of water, warmed on the 
water bath, and hydrochloric acid added to acid reaction. The 
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solution is then heated nearly to boiling, and hot water added from 
time to time until nothing more dissolves. Nearly pure tribenzyl- 
amine hydrochloride remains, and can be filtered off on a hot water 
funnel, and washed with a little hot water. The filtrate is evaporated 
over a bare flame to ahout half its bulk, and allowed to stand, when 
nearly pure dibenzylamine hydrochloride separates in beautiful, white 
crystals, which are filtered off by the aid of the pump, and washed 
with a little cold water. The filtrate now contains monobenzylamine 
hydrochloride, with only small quantities of the secondary amine, 
and is evaporated nearly to dryness; after cooling, concentrated 
sodium hydrate solution is added, and the base extracted with ether. 
The ethereal solution is dried by means of a large quantity of caustic 
soda,* the ether distilled off, and the product distilled from a frac- 
tionating flask at the ordinary pressure. The monobenzylamine 
passes over between 180° and 190°, the temperature rising rapidly when 
the latter point bas been reached, and the pure compound is easily 
obtained by one more rectification. The residue is dibenzylamine, 
and can be distilled along with that base, as described below. 

The dibenzylamine hydrochloride is decomposed with concentrated 
caustic soda on the water bath, and after cooling, extracted with 
ether, the ethereal solution dried with caustic soda, and the ether 
removed by distillation. The base is subjected to distillation under 
reduced pressure (20—30 mm.) from an oil bath in a slow current of 
air; at this pressure almost the whole distils at 180—195° (bath 
temperature 220—240°), and above the latter point the temperature 
rises rapidly, and the distillate begins to solidify in the tube; the 
residue is tribenzylamine. On rectification under the same condi- 
tions, the dibenzylamine distils at 186—190°; as it has hitherto not 
been purified by distillation, a more exact determination of the boiling 
point was made and found to be 188—189°; (uncorr.) at 35 mm. 
pressure, the temperature of the bath being 220—225°; at the 
ordinary pressure the boiling point lies above 300°, partial decom- 
position taking place (Annalen, 144, 313). An interesting observa- 
tion was made during the above distillations under reduced pressure, 
which seems to show that a current of an indifferent gas is not 
necessary, as Anschiitz states: a quantity of 400 grams of dibenzyl- 
amine was being distilled with the usual arrangement, but by 
accident the clamp regulating the air supply had not been opened, 
and yet the whole distilled without the slightest bumping, the 


* As benzylamine is miscible in all proportions with water and ether, a con- 
siderable quantity of water is often taken up by the ethereal solution, and separates 
as a layer on drying with caustic soda. This can be easily avoided by using a very 
concentrated caustic soda solution to set the base free,and by adding a large 
quantity of solid caustic soda when drying the ethereal solution. 
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presence of the finely drawn out tnbe being sufficient to prevent the 
formation of the large bubbles which always accompany bumping, 
when treated in the manner described. 


1000 grams of benzyl chloride gave— 
Pure benzylamine, 250 grams; pure dibenzylamine, 300 grams; 
pure tribenzylamine, 60 grams. 


If tribenzylamine is the product required, there should be about 
2 mols. of ammonia to 1 mol. of chloride; after some hours, tribenzyl- 
amine hydrochloride begins to separate in large plates, and in four 
or five days the action is complete. Thealcohol is distilled off, about 
10 times its volume of water is added, the mixture warmed on the 
water bath, and hydrochloric acid added in slight excess; the whole 
is then heated to boiling, filtered through a hot water funnel, and 
allowed to cool. The pure tribenzylamine hydrochloride thus ob- 
tained is decomposed on the water bath with caustic soda, the 
mixture cooled until the base solidifies to a cake, and the mother 
liquor decanted. After washing well with water, it can be recrystal- 
lised from hot alcohol, and is thus easily obtained in the pure state, 
the yield being good. 


University of Zurich. 


XCVI.—Halogen Derivatives of Quinone. Part III.* Derivatives of 
Quinhydrone. 


By Arrnvr R. Line and Juan L. Baker. 


Introductory Remarks. 


Tue history of quinhydrone is so well known'that we need here but 
briefly refer to it. Since the discovery of the compound by WoOhler, 
in 1844 (Annalen, 51, 153), various views have been advanced regarding 
its constitution, but no satisfactory hypothesis has yet been adduced, 
unless, indeed, the statement be accepted that it is a molecular com- 
pound of quinone and quinol. 


* On reference to my paper “ Halogen Derivatives of Quinone. Part I” 
(Trans., 1892, 61, 572), I find that I have given the production of paradibromo- and 
metadibromo-quinone from quinone tetrabromide when it is boiled with alcohol 
(Nef, Amer. Chem. J., 12, 463; and J. pr. Chem. [2], 42, 161), as an] instance of 
intramolecular change. Such is, however, not the case,and my statement is due to 
a misreading of Nef’s work.—A. R. L. 


LING AND BAKER: DERIVATIVES OF QUINHYDRONE. 1315 


Basing his arguments on Wohler’s original view, that quinhydrone 
is a compound of quinone and quinol in molecular proportion, 
Graebe (Annalen, 146, 36) proposed the constitutional formula 
OH-C,H,0-0°C,H,OH ; Wichelhaus, however (Ber., 5, 849), who 
believed quinhydrone to be a compound of 2 molecules of quinone 
with 1 molecule of quinol, ascribes to it the formula 


C,H,(0-0- C.H,OH).. 


Analysis alone is insufficient to decide between these formule. 
Liebermann (Ber., 10, 1614) mixed solutions of quinone and quinol 
in the proportion of 2 molecules of the former to 1 molecule of the 
latter, and also in that of single molecules of each, and weighed the 
quinhydrone produced; his results favoured Wéohler’s formula. 
Nietzki then showed (Ber., 10, 2003) that quinone could be esti- 
mated by titration with sulphurons acid and iodine, and applying this 
same method to quinhydrone, he found that the amount of sulphur- 
ous acid required to reduce this compound to quinol was consistent 
only with its being composed of equal numbers of molecules of 
quinone and quinol. A long discussion then ensued, in the course of 
which Wichelhaus (Ber., 12, 1500) brought forward fresh evidence 
in support of his hypothesis, based on the formation of methylquin- 
hydrone from quinone and methylquinol, C,H,(OCH;)-OH ; he. was 
answered, however, by Hesse (Annalen, 200, 232), who found that 
when quinhydrone is acted on by acetic anhydride, it yields quinone 
and diacetylquinol in molecular proportion. Nietzki (Annalen, 215, 
125) extended his titration experiments to phenoquinone and res- 
orcinoquinone, and pointed out that these dark-coloured compounds 
are formed by the combination of 1 molecule of a quinone with 
1 molecule of a dihydroxyphenol, or with 2 molecules of a mon- 
hydroxyphenol ; inasmuch, therefore, as methylquinol may be re- 
garded as a monhydroxyphenol, the combination of 2 molecules of 
it with 1 molecule of quinone was in accordance with the rule. 

Our work was undertaken with the view of throwing some light 
on the constitution of quinhydrone, and also of examining the halo- 
gen derivatives of this remarkable compound. As regards the first 
object, we must admit that the question is left in much the same 
position as before, as, although one or two points arise out of the 
work which may, we hope, serve for fature discussion, we refrain 
from offering any suggestions of our own, at least for the present; as 
to the second object—the description of halogen derivatives of quin- 
hydrone—we have prepared all the compounds corresponding with 
the known chloro-derivatives of quinone, and most of the bromo- 
derivatives. We are aware that several other chemists, besides those 


to whose work we have referred, have claimed to have obtained 
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certain halogenated quinhydrones; our excuse for not alluding to 
these researches is that the descriptions given by them of the com. 
pounds are vague. 


Experimental Part. 


Quinhydrone is obtained in dark-green needles when either aqueous 
or alcoholic solutions of quinone and quinol are mixed ; several speci- 
mens were prepared and examined. When recrystallised from alco- 
hol, it presents the well known appearance, separating in beautiful, 
greenish, bronze needles. Its melting point is 170—171°, which 
agrees with that observed by Klinger and Standke (Ber., 24, 1341), 
namely, 171°. 


0°1500 gave 0°3616 CO, and 0°0650 H,O. C = 6574; H = 481. 
01800 ,, 04344 - 0°0775 ,, C = 65°82; H = 4°78. 
C,.H,0,,C,;H,(OH), requires C = 66°05; H = 4°58 per cent. 


Atiempts to prepare Monochloroquinhydrones. 


Wichelhaus (Ber., 12, 1503) failed to obtain halogenated deriva- 
tives of quinhydrone either by mixing solutions of quinone with those 
of chlorinated or brominated derivatives of quinol, or from solutions 
of quinol and of tri- and tetra-chloroquinone ; in both cases he found 
that quinhydrone is formed. T. H. Clark has recently shown (Amer. 
Chem. J., 14, 574) that when solutions of quirone and chloroquinol 
in chloroform or ether are mixed, a small quantity of quinhydrone is 
formed, but that a chloroquinhydrone separates in bronze-yellow 
needles to the extent of 50 per cent. of the total material when 
ethereal solutions of chloroquinone and of quinol are employed. 
Before discussing these results, it is desirable to describe our own 
experiments. 


a. Quinone and Chloroquinol. 


1. Solutions of quinone and monochloroquinol in chloroform were 
mixed in molecular proportion. No darkening of the solution was 
observed ; after gently heating the mixture and filtering, however, a 
smail quantity of greenish, bronze-coloured leaflets separated. This 
product melted at 138—142°, and was found to be only partially 
soluble in light petroleum: the soluble portion melted at 119—135° ; 
the insoluble portion at 159—160°. 

2. On repeating the experiment, a small quantity of a compound 
was obtained, in the form of beautiful, bronze needles ; it had a strong 
quinone-like odour, and melted at 145°. It appeared to be homo- 
geneous. 
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0:0962 gave 02042 CO, and 0°026 H,O. C = 57:87; H = 3:76. 
C,H,0,,C,;H;,;Cl(OH), requires C= 57°02; H = 3:56 per cent. 


This substance was, therefore, undoubtedly a monochloroquin- 
hydrone, but, when boiled with light petroleum, it was separable into 
a mixture of dichloroquinhydrone and quinhydrone (see below). 

3. Quinone and monochloroquinol were dissolved in molecular pro- 
portion in boiling water, the solution filtered and rapidly cooled; a 
substance then separated in clusters of bluish-black needles; it 
softened at 130°, and melted at 140°. A portion, 0°5 gram, was 
wrapped in filter-paper, and extracted with boiling light petroleum 
in a Soxhlet’s apparatus during 1$ hours. The insoluble residue 
weighed 0°221 gram; it contained no halogen, and melted at 162°. 
When crystallised from alcohol, it melted at 169—170°, and was 
identified as quinhydrone—a conclusion which was confirmed by the 
fact that it yielded quinone on oxidation. The soluble portion weighed 
0'178 gram ; it melted at 93—94°, and, when crystallised from water, 
melted at 72—73°, the former value being, as we shall show later 
(see p. 1319), the melting point of anhydrous dichloroquinhydrone, 
whilst the latter is the melting point of hydrated dichloroquin- 
hydrone. When, therefore, solutions, in light petroleum, of quinone 
and chloroquinol are boiled together, quinhydrone and dichloroquin- 


hydrone are the ultimate products. We think, however, that our 
experiments point to the formation at an intermediate stage of a 
chloroquinhydrone, the decomposition of which is thus expressed. 


20,H,0.,C,H;Cl(OH), = C,;H,O.,C-H(OH), + C,H;C10,,C,H;Cl(OH). 
Chloroquinhydrone. Quinhydrone. Dichloroquinhydrone. 


Calculated yield, 
according to the 
above equation. Found. 


Quinhydrone 43°16 44°20 per cent. 
Dichloroquinhydrone .. 56°83 35°60 = 


The low yield of dichloroquinhydrone is not surprising when the 
volatility of the compound is borne in mind, it being impossible 
to evaporate a solution in light petroleum without loss from this 


cause. 
b. Quinol and Chloroquinone. 


1. An ethereal solution of quinol and chloroquinone containing the 
dissolved compounds in molecular proportion was allowed to evaporate 
slowly. Bronze-coloured leaflets having a melting point of 130° were 
obtained ; these, after recrystallisation from chloroform, melted at 
130 —135° ; or, after recrystallisation from ether, at 128—130°. 
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2. Quinol and chloroquinone, in molecular proportion, were dis- 
solved in alcohol, and the solution evaporated at the ordinary tempera- 
ture. Dark green needles of melting point 132—133° were obtained ; 
a specimen gave the following result on analysis. 


0°2182 gave 0°1284 AgCl. Cl = 14°55. 
C,H;C10,,C,H,(OH), requires Cl = 14°05 per cent. 


Boiled with light petroleum, the compound behaved as a mixture 
of quinhydrone and dichloroquinhydrone, precisely as did the chloro- 
quinhydrone from quinone and chloroquinol, thus, 

0°5 gram was extracted in a Soxhlet’s apparatus for three hours 
with boiling light petroleum ; the residue melted at 164°, did not con- 
tain chlorine, and weighed 0°202 gram; when recrystallised from 
alcohol, it melted at 168°. The portion extracted by the light petr- 
oleum’ melted at 92°, weighed 0°22 gram, and was identified as an- 
hydrous dichloroquinhydrone. 


Calculated. Found. 
Quinhydrone ......... 43°16 40°40 per cent. 
Dichloroquinhydrone.. 56°83 44°00 - 


Our experiments afford evidence of the existence of the chloroquin- ° 
hydrones C,H,O,,C,H;C1(OH), and C,H,Cl0,,C,H,(OH),. These com- 
pounds are, however, unstable, and it may be assumed that, when 
boiled with light petroleum, they undergo dissociation into their 
proximate constituents, which subsequently interact, giving rise in 
both cases to the same final products, namely, quinhydrone and di- 
chloroquinhydrone. Clark infers from his experiments that a mono- 
chloroquinhydrone is not produced by treating quinone with mono- 
chloroquinol ; we are able to confirm his observation that a much 
smaller amount of product is obtained from quinone and monochloro- 
quinol than from quinol and monochloroquinone, although the cause 
of this is undiscovered. Clark’s experiments furnish only very slender 
evidence of the formation of a monochloroquinhydrone from quinol 
and monochloroquinone, and it is to be regretted that he did not take 
the melting point of his substance; he appears to have made no 
attempt to characterise it. 


Dichloroquinhydrone. 


1. Monochloroquinone and monochloroquinol were dissolved in 
ether in molecular proportion, and the solution allowed to evapor- 
ate, when bronze-coloured needles were obtained; they melted at 
76—78*. 

2. Monochloroquinol (3 grams) was dissolved in water and a solu- 
tion of ferric chloride containing 3°37 grams of that salt added. The 
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solution soon became very dark, but nothing separated ; it was there- 
fore extracted with ether, and the ethereal extract evaporated, when 
a product melting at 797—80° was obtained ; it crystallised from water 
in dark violet needles, having a greenish shimmer, and then melted 
constantly at 70—72°. This substance is a hydrate of dichloro- 
uinhydrone, and has the composition represented by the formula 

C,H;C10.,C,H;Cl(OH), + H,O. It becomes anhydrous when left 
over concentrated sulphuric acid or fused calcium chloride in a 
desiccator, without altering its appearance, and then melts at 93—94°. 
The following results were obtained on analysing the hydrated com- 
pound. 

0°1549 gave 0°1433 AgCl. Cl = 22°87. 

0°1700 lost 0°0119 in a desiccator. H,O = 7:00.* 

04103 ,, 0°0273 - H,O = 6°65.* 

0'1374 gave 0°2380 CO, and 0°0402 H,O. C = 47:24; H 

C,H;C10.,C,H,;Cl(OH), + H,O requires C = 47:21; H 

Cl = 23:27; H,O = 5°90 per cent. 
The anhydrous compound gave the following result on analysis. 


0°1384 gave 0°2551 CO, and 0°0370 H,O. C = 5026; H = 2°97. 
C.H;C10.,C,H;Cl(OH), requires C = 50°17 ; H = 2°78 per cent. 


When the anhydrous compound is recrystallised from water, the 
hydrate melting at 70-—72° is obtained. This was analysed. 
0'1653 gave 0°1552 AgCl. Cl = 23:21. 
C,.H;C10,,C,H;Cl(OH). + H,O requires Cl = 23°27 per cent. 
Hydrated dichloroquinhydrone erystallises from water in small, 


violet, prismatic needles, having a greenish reflex; it has a strong 
quinone-like odour, and dissociates slowly when kept. 


Tetrachloroquinhydrone from Paradichloroquinone. 


Stadeler (Annalen, 69, 300) first described this tetrachloroquin- 
hydrone as “ violet dichlorhydroquinone.” He obtained it by warm- 
ing a solution of dichloroquinone with one of dichloroquinol, or by 
oxidising dichloroquinol with ferric chloride, and ascribed to it the 
formula C,,H,Cl,O, + 2H,0. He found that it parted with the 2H,O 
at 70°, or when kept in a desiccator over concentrated sulphuric acid, 
and he named the anhydrous compound thus produced “ yellow di- 
chlorhydroquinone”; the latter compound is said to melt at about 
120°. We can confirm the formule ascribed by Stideler to these 


* The high values obtained in the water determinations are due to the fact that 
dichloroquinhydrone slowly dissociates on exposure to air, and monochloroquinone 
is volatilised. 
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compounds, as, also, most of his observations respecting their pro- 
perties. We find, furthermore, that the quinhydrone derivatives 
obtained from paradibromoquinone and paradibromoquinol, from para- 
dichloroquinone and paradibromogquinol, and from paradibromoquinone 
and paradichloroquinol are in every way analogous to the tetrachloro- 
quinhydrone (this vol., p. 1322). 

The tetrachloroquinhydrone was prepared (1) by heating at 80° a 
solution in benzene of paradichloroquinone and paradichloroquinol, 
and rapidly evaporating the solution in a current of moist air; (2) by 
triturating an aqueous solution of paradichloroquinol with paradi- 
chloroquinone; (3) by the partial oxidation of paradichloroquinol 
with ferric chloride. The last method was found to answer the best.* 
The following example serves as an illustration :—Paradichloroquinol 
(1 gram) was triturated with a solution of ferric chloride (0°907 gram), 
Long, slender, dark violet needles were obtained ; the compound 
had no definite melting point. When heated in a capillary tube, it 
usually became almost colourless at 98°, melting between 105° and 
140°. When kept in a desiccator over concentrated sulphuric acid, or 
when heated in an air bath at 40°, the colour changed to a pale yellow, 
with loss of its water of crystallisation, the crystalline form, however; 
remainining unaltered; the anhydrous compound is readily reduced 
to powder when pressed, so that it may be regarded as a pseudo- 
morph of the hydrated compound. We have observed that, on heat- 
ing it in an air bath at 40°, there is a slight loss from volatilisation. 
Stadeler, however, dehydrated his substance at 70°. An analysis was 
made of the hydrated compound. 


0°1934 lost 0°0193 when heated at 40° for 14 hours. H,O = 9°97. 

01010 ,, 0°0093 when kept in a desiccator for several days. H,0 
= 9°21. 

1:1065 lost 0°0985 in a desiccator. H,O = 8°90. 

0°1512 gave 0°2026 CO, and 0°0387 H,0. C = 3654; H = 2°84. 

01592 ,, 02323 AgCl. Cl = 36:09. 

C,H,Cl,0,,0,H,Cl,(OH), + 2H,O requires H.O = 918; C= 
36°79; H = 2°55; Cl = 36°22 per cent. 


The colour of the anhydrous compound is a slightly yellowish- 
brown; it has no definite melting point, but usually fuses between 
140° and 145°. When exposed to moist air, it absorbs water, and is 
converted into the violet hydrate ; some of the latter is also obtained 


* All the preparations of tetrachloroquinhydrone were made in an early stage of 
these experiments. We have since found that the quinhydrone is very readily 
prepared by the method adopted later in preparing tetrabromoquinhydrone from 
paradibromoquinone (see p. 1326), namely, boiling a saturated solution of the quinol 
with an excess of the quinone, filtering, and rapidly cooling the filtrate. 
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when the anhydrous compound is dissolved in hot water and the 
solution cooled, but the product is in this case very impure, oily com- 
pounds being formed. When the anhydrous compound is dissolved in 
boiling dry benzene and the solution cooled, paradichloroquinol 
separates, and paradichloroquinone, when sufficient solvent is used, 
remains in solution and is obtained on evaporating the mother liquor. 
Anhydrous tetrachloroquinhydrone gave the following result on 
analysis. 

0'1354 gave 0°2170 AgCl. Cl = 39°63. 

C,H,Cl,0.,C,.H,Cl,(OH), requires Cl = 39°84 per cent. 

In order to ascertain whether the anhydrous compound, when 
heated, behaved as a mixture of paradichloroquinone and paradichloro- 
quinol, these two were intimately mixed together in molecular pro- 
portion. No darkening took place. The mixture melted sharply at 
126°, whereas the anhydrous compound, as above stated, has no 
definite melting point. The same results were obtained on repeating 
the experiment. 


Tetrachloroquinhydrone from Metadichloroquinone. 


1. On grinding together in a mortar equal weights (1 gram) of 
metadichloroquinone and metadichloroquinol, a brownish powder was 
obtained ; this commenced to sinter at 125°, and melted at 130°. 
When dissolved in light petroleum, a mixture of metadichloroquinol 
and a dark substance (the tetrachloroquinhydrone) separated, brown- 
ish-red needles melting at 130—131° being deposited from the filtrate. 
These were analysed. 


01188 gave 0°1768 CO, and 0°0218 H,O. C = 40°58; H = 2°03. 
C.H.Cl,0,,C,;H,Cl,(OH). requires C = 40°44; H = 1°68 per cent. 


2. Metadichloroquinol (1 gram) was triturated with a solution of 
ferric chloride containing 0°9 gram of that salt together with a small 
quantity of sulphuric acid. Small, dark, almost black, needles were 
obtained, which were washed with water and dried ; they commenced 
to sinter at 120° and melted at 130°. A specimen which had been 
kept over concentrated sulphuric acid in a desiccator was analysed 
with the following result. 


01317 gave 0°1923 CO, and 00221 H,O. C = 39°81*; H = 1°86. 

C.H.Cl,0,,C,;H,Cl,(OH), requires C= 40°44 ; H = 1°68 per cent. 

3. The following is the best method of preparing this tetrachloro- 
quinhydrone in a pure state. Metadichloroquinol (0°5 gram), 


* This specimen contained a little iron, which is very difficult to get rid of by 
washing with water; hence the low value for carbon, 
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together with an excess of metadichloroquinone (2 grams), is dissolved 
by boiling with a mixture of benzene (80 c.c.) and light petroleum 
(150 c.c.). A yellow solution is obtained, from which, an cooling, 
magnificent long, brown, prismatic needles are deposited, having a 
reddish shimmer, and melting at 135°; this is doubtless the melting 
point of the pure tetrachloroquinhydrone, as the same value has been 
obtained on several occasions. This substance bears so close a re- 
semblance in form to metadichloroquinone that it occurred to us that 
it might possibly consist of crystals of this quinone stained on the 
surface with a certain amount of quinhydrone, and particularly as it 
was obtained in presence of an excess of the quinone ; against this we 
have the fact that it meltsat a higher temperature than metadichloro- 
quinone. To settle this point, a portion (0°3889 gram) was titrated 
with N/10 solutions of sulphurous acid and iodine, observing the 
proper precautions as to dilution, &c. (compare Nietzki, Annalen, 215, 
128). 


Hydrogen required for reduction. 


a a, 
Calculated for Calculated for 


the quinone the quinhydrone 
2C; H,C1,03. Ci.H,Cl, 0, . Found. 
4 equivalents 2 equivalents 2°12 equivalents* 


There is, therefore, no doubt that the substance melting at 135° is 
the tetrachloroquinhydrone. It is dissociated by treatment with cold 
alcohol and also when dissolved in most solvents; it is very readily 
soluble in benzene, but somewhat sparingly so in light petroleum, 
and has a faint quinone-like odour. 


Hexachloroquinhydrone. 


1. Trichloroquinone and trichloroquinol were dissolved in mole- 
cular proportion in chloroform, and the solution digested in a reflux 
apparatus on the water bath for three hours, after which it was 
evaporated in direct sunlight. The residue was a greenish-black 
substance, which, after washing with petroleum, melted at 103°. 

2. When trichloroquinone and trichloroquinol, in molecular pro- 
portion, are triturated together in a mortar, either with or without 
light petroleum, a violet substance is obtained which melts at 
101—103°. When this is dissolved in boiling light petroleum, 
filtered, and the filtrate rapidly cooled, tufts of dark, almost black, 


* As a control, a similar experiment was carried out with quinhydrone with the 
result :— 
Calculated for 
CypH Oy. Found. 
Hydrogen required for reduction .... 2 equivalents 1°94 equivalents 
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needles, with greenish reflex, separate; they melt at 108—109°, and 
after recrystallisation from the same solvent, at 109—110°. If a 
portion of the dry substance is rabbed upon white paper, a reddish- 
violet stain is produced; it appears to be dissociated immediately 
when mixed with water, alcohol, or ether, and it is soluble in benzene, 
chloroform, and carbon tetrachloride with partial dissociation. Analyses 
of the compound crystallised from light petroleum gave values indi- 
cating that the crystals were contaminated with this solvent. 
Attempts were then made to remove the latter by spreading the sub- 
stance on a tile and allowing it to remain in a finely pulverised state 
over concentrated sulphuric acid in a vacuum, but apparently without 
success, the weight remaining constant. 


0'1452 gave 0°1855 CO, and 0°0177 H,O. C = 3484; H = 1°35. 
01523 ,, 01939 - 00160 ,, C = 3460; H = 1°16. 
01456 ,, 0°2698 AgCl. Cl = 45°82. 

CyH,Cl,O, requires C = 33°88; H = 0°94; Cl = 50°11 per cent. 


It appears from the foregoing analyses that the compound combines 
with the solvent, but inasmuch as this was not a homogeneous sub- 
stance (petroleum), we can deduce nothing more definite from the 
results. 

3. When equal weights of trichloroquinone and trichloroquinol are 
triturated together in presence of water for three hours, a purple 
powder is obtained; it melts at 115—117°, and appears from its 
analysis to contain H,O, but remains constant in weight when kept 
in a vacuum over concentrated sulphuric acid. 


0°1720 gave 0°2108 CO, and 0:0173 H,O. C = 33:43; H = 1:12. 
02054 ,, 02501 » 00202 , C= 3320; H= 1°09. 
01844 ,, 03683 AgCl. Cl = 49°39. 

€,,H,Cl,0, + 3H,O requires C = 33:17; H = 1:15; Cl = 49°07 p.c. 


Attempts to prepare Octochloroquinhydrone. 


From the results of a large number of experiments extending over 
several months, we have arrived at the conclusion that octochloro- 
quinhydrone does not exist. The problem being one of such im- 
portance, it seems desirable to record our experiments in some detail, 
despite the negative conclusion. 

1. The first set of experiments led us to believe that we had suc- 
ceeded in preparing octochloroquinhydrone. Tetrachloroquinone and 
tetrachloroquinol were dissolved in molecular proportion in boiling 
redistilled commercial xylene, and the solution boiled in a reflux 
apparatus for 3—4 hours; on cooling, a small quantity of a substance 
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separated in clusters of dark violet, prismatic needles, which generally 
melted at 214—215°. 


0°1358 gave 0°1517 CO, and 0°0140 H,O. C = 30°41; H = 1:05, 
01281 ,, 01435 - 00137 ,, C = 30°55; H = 1°07. 
01407 ,, 03146 AgCl. Cl = 55°29. 

C,C1,02,C,Cl,(OH), requires C = 29°15; H = 0-4; Cl = 57°48 p. c. 


It is thus seen that the values for carbon are too high, whilst that 
for chlorine is too low in comparison with the theoretical values, 
When the substance was recrystallised several times from benzene, 
colourless needles of tetrachloroquinol were obtained, but no tetra- 
chloroquinone was present in the benzene mother liquor. 

Weighed portions of the supposed octochloroquinhydrone were 
suspended in dilute hydrochloric acid and boiled with an excess of 
N/10 potassium dichromate; .10 per cent. potassium iodide solution 
was then added, and the liberated iodine, corresponding to the excess 
of dichromate, titrated with N/10 sodium thiosulphate and starch.* 


I. 0°25 gram boiled with 22°2 c.c. N/10 dichromate required 3°6 c.c. 
N/10 thiosulphate. ' 
II. 0°426 gram boiled with 50 c.c. N/10 dichromate required 20°5 c.c. 
N/10 thiosulphate. 


Found. 

Calculated, --- 
2C,Cl,(OH)>. IL. Il. 
Oxygen required to convert 

2 mols. tetrachloroquinol 32 grams 29°48 27°47 grams 
into the quinone ....... 


There is no doubt, therefore, that the supposed octochloroquin- 
hydrone was impure tetrachloroquinol. The oxygen required to con- 
vert 1 mol. of octochloroquinhydrone, C,,H,C1,0,, into the quinone is 


* As a control, tetrachloroquinone was boiled with a known volume of N/10 
potassium dichromate acidified with dilute hydrochloric acid, potassium iodide 
solution added, and the liberated iodine titrated with N/i0 sodium thiosulphate 
and starch. The volume of thiosulphate required was the same as that of di- 
chromate employed, thus proving the validity of the method. We have also tried 
this method with other quinol and quinhydrone derivatives, but without success. 
All the other quinones are soluble in water to a greater extent than tetrachloro- 
quinone, and they readily oxidise the thiosulphate solution. 

Tetrachloroquinol (0°5 gram) was boiled with N/10 dichromate (51 c.c.) and 
hydrochloric acid (3 c.c.) for half an hour; 10 per cent. potassium iodide solution 
was then added to the cooled solution, which, after remaining for a while, was 
titrated with N/10 thiosulphate and starch: 11°6 c.c. were required. 


Calculated, 
CsCl, (OH jo. Found. 

Oxygen required to convert 1 moi. weisen 16 : 
) 6 grams 


mee . 15°63 grams 
chioroquinol into the quinone é 
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16 grams, or about half that found. The dark colour of the sub- 
stance examined is apparently due to the crystals of it being stained 
with an impurity—probably a lower chlorinated quinhydrone, which 
was possibly produced by the action of an impurity contained in the 
commercial xylene, for when tetrachloroquinone and tetrachloro- 
quinol were boiled together with xylene which had been purified by 
treatment with concentrated sulphuric acid, tetrach!oroquinol sepa- 
rated from the solution on cooling having but a faint flesh-coloured 
tint. 

2. We have not obtained the slightest evidence that octochloro- 
quinhydrone is formed either by triturating together tetrachloro- 
quinone and tetrachloroquinol, or by partially oxidising tetrachloro- 
quinol. 

3. Tetrachloroquinone and tetrachloroquinol were finely pulverised 
and mixed together in molecular proportion, and the mixture placed 
in a glass tube together with pure benzene, the quantity of the latter 
being insufficient to dissolve the compounds completely. The tube 
was then sealed and exposed during the day to direct sunlight for 
several months ; no change, however, took place. Tetrachloroquinone 
(2.5 grams) was placed in a glass tube together with benzaldehyde 
(5c.c.). The tube was sealed and exposed to direct sunlight for 
60 days. The undissolved portion was then thrown cn to a filter and 
washed with ether; it proved to be unaltered tetrachloroquinone. 
The benzaldehyde filtrate, which was deep-red, together with the 
ethereal washings, were evaporated in direct sunlight; besides benzoic 
acid and tetrachloroquinone, nothing but a tarry decomposition pro- 
duct of the quinone was obtained. 


Dibromoquinhydrone. 


This compound is obtained when monobromoquirone and mono- 
bromoquinoi are boiled together with water and the solution rapidly 
cooled ; it then separates in black needles about the thickness of a 
hair, together with more or less of its components. It is best pre- 
pared by the partial oxidation of monobromoquinol with ferric chlor- 
ide, or with potassium dichromate and dilute sulphuric acid. It 
erystallises from water in needles which,. when viewed under the 
microscope, are seen to consist of prisms having a bronzy shimmer. 
Unlike dichloroquinhydroue, it is anhydrous ; it melts at 98°, and has 
a strong quinone-like odour. After keeping over concentrated sulph- 
uric acid, it was analysed. 

0°1808 gave 0°1759 AgBr. Br = 41°37. 

0°1560 gave 02186 CO, and 0°0314 H,O. C = 3821; H = 2°23. 
C.H;BrO,,C,H;Br(OH), requires C = 38:29 ; H = 2°12; Br= 42°55 p.c. 
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Tetrabromoquinhydrone from Paradibromoquinone. 


When paradibromoquinone and paradibromoquinol are triturated 
together, the mixture melts at 152°, but no dark-coloured product is 
obtained even in the presence of water. If paradibromoquinol (1 gram) 
is triturated with a solution of ferric chloride, the product is of a light- 
yellow colour and appears to be a mixture of the quinone and the 
quinol; it melts at 150°. When an aqueous solution of paradibromo- 
quinol is boiled with an excess of paradibromoquinone, and the boiling 
liquid filtered and rapidly cooled, slender, dark-violet needles sepa- 
rate from the filtrate on cooling. If, after collecting these, the in- 
soluble quinone is again boiled with the mother liquor and the liquid 
filtered, more of the dark needles are obtained, and this process may 
be repeated as long as the filtrate contains any dissolved quinol. 
These needles consist of the dihydrate of the tetrabromoquinhydrone, 
which is analogous in every way to the corresponding tetrachloro- 
derivative ; when heated in a capillary tube, it changes in colour to 
light-yellow at about 95°, and melts between 145° and 150°; it hasa 
fairly strong quinone-like odour. The crystals part with their water 
of crystallisation and change in colour to light-yellow when kept ina 
desiccator over concentrated sulphuric acid. 


0°0782 lost 0°0047 when kept over concentrated sulphuric acid ina 
desiccater. H,O = 6°01. 
0°2605 lost 0°0155 in a desiccator. H,O = 5°95. 
C,H,Br,0,,C,;H,Br.(OH), + 2H,0 requires H,O = 6°31 per cent. 


Dichlorodibromoquinhydrone from Paradichloroquinone and Para- 
dibromoquinol, 


This compound is obtained by a method analogous to that by which 
the tetrabromoquinhydrone was prepared, namely, by boiling an 
aqueous solution of paradibromoquinol with an excess of paradichloro- 
quinone. It separates from water in bluish-black, prismatic needles, 
becomes much lighter in colour at 100°, and melts at 130—135°; it 
has a fairly strong quinone-like odour. As the following analyses 
show, it is a dihydrate, C.H,Cl,0.,C,H.Br,(OH), + 2H,0, and loses 
its water of crystallisation when kept over concentrated sulphuric 
acid in a desiccator. The anhydrous compound is light brownish- 
yellow; it commences to sinter together at 120°, and melts at 


130—135°. 
0°3350 lost 0°0238 in a desiccator. H,O = 7°10. 
02183 ,, 00152 ,, 2 H,0 = 6°96. 
C,H.CI,0.,C.H,Br,(OH,), + 2H,O requires H,O = 7°48 per cent. 
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Dichlorodibromoquinhydrone from Paradibromoquinone and Para- 
dichloroquinol. 


This dichlorodibromoquinhydrone is obtained in the same manner 
as the isomeride last described, namely, by boiling an aqueous solu- 
tion of paradichloroquinol with paradibromoquinone. The dihydrate 
crystallises in bluish-black needles, and differs from the isomeric 
compound merely in having a slightly higher melting point. It 
becomes light coloured at 90—98°, and melts between 135° and 143°. 
Like its analogues, it parts with its water of crystallisation when 
kept over concentrated sulphuric acid ; the anhydrous compound thus 
obtained is of a pale brownish-yellow colour, and melts between 135° 


and 140°. 


0°1492 lost 0°0112 in a desiccator, H,O = 7°51. 
C.H,Br,0.,C,H,Cl(OH), + 2H,O requires H,O = 7°48 per cent. 


We may, in conclusion, point out that the halogenated quinhydrones 
are less stable than quinhydrone itself; it appears probable that the 
stability of these compounds is in inverse proportion to the number 
of halogen atoms in their molecules, thus :—Quinhydrone and its 
dihalogenated derivatives are not dissociated by cold alcohol, whereas 
the higher halogenated derivatives are dissociated when thus treated ; 
octochloroquinhydrone appears to be non-existent. 


XCVII.—Researches on the Oxidation Products of Turpentine Oil. 


By S. B. Scurrver, B.Sc., Ph.D., Assistant Lecturer on Chemistry at 
University College, Liverpool. 


Introduction. 


Ow of turpentine, on oxidation, gives two main products, namely, 
terebic and terpenylic acids. The constitution of the former has been 
determined by the researches of Geissler (Annalen, 208, 37), Bredt, 
Frost (Annalen, 226, 374),and Roser (Annalen, 220, 255), and more 
recently it has been synthesised by Schleicher (Annalen, 267, 123), but 
the constitution of terpenylic acid, which is formed in much larger 
quantity, remained undetermined. The investigation of this acid was 
the chief object of my work, and for this purpose two methods were 
employed. 
VOL, LXIII. 4x 
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1. Terpenylic acid, on destructive distillation, gives an unsaturated 
acid, C;H,,0,, which, on treatment with hydrobromic acid, is converted 
quantitatively into an isomeric lactone, heptolactone. By preparing 
various isomeric lactones of the empirical constitution C,;H,,0,, the 
constitution of this heptolactone was determined. This part of the 
work was of considerable interest, owing to the recent discoveries 
of the change of position of the double bond in monobasic acids. 

2. Terpenylic acid, on reduction, yields a bibasic acid, C,H,,O, 
This was synthetically prepared. 

In the first part of this paper a new oxidation product of tur. 
pentine oil is described. 


I.—The Oxidation of Turpentine Oil and of its Hydrates. 


A New Oxidation Product of Turpentine Oil.—Oil of turpentine was 
oxidised with chromic mixture, according to the method of Fittig and 
Krafft (Annalen, 208, 72), and after separating the volatile oxidation 
products by long-continued evaporation in open basins, the liquid 
was extracted with ether; as the syrup thus obtained still contained 
considerable quantities of acetic acid, it was diluted with water, and the 
solution evaporated on the water bath, water being added from time 


to time, until the liquid no longer smelt of acetic acid. The syrup, 
which was colgured green with chromic oxide, when cooled by a freezing 
mixture and well stirred, soon solidified to a crystalline paste. The 
crystals, consisting of a mixture of terpenylic and terebic acid, were 
separated as completely as possible from the mother liquor, and further 
purified by the method of Amthor and Miiller (J. pr. Chem. [2],42,388). 
The mother liquor contains a third acid, which can be separated from 
the others by taking advantage of the insolubility of its lead salt. 
The precipitate produced by adding lead acetate to the greenish 
mother liquor was collected and decomposed with sulphuretted 
hydrogen; a green syrup was thus obtained, which partly solidified 
on being kept for a long time in a vacuum. It was then dissolved in 
water, the solution made alkaline with sodium carbonate, boiled, the 
precipitated chromic hydrate filtered off, and the solution again 
acidified and extracted with ether; in this way a pale yellow syrup 
was obtained, which partly solidified in a much shorter time than the 
original green substance. The acid thus obtained, when dissolved in 
strong nitric acid (sp. gr. 14) and allowed to stand in a vacuum 
over caustic soda, crystallised out in long, ill-defined prisms. These 
crystals were then spread on a porous plate to remove the resinous 
mother liquor, again dissolved in strong nitric acid, and the process 
repeated several times. 

When recrystallised in this way, the melting point varied between 


mw 0/—©= SS @O @ I 


— — VF FF SS BH Fe eee hCUre 


OXIDATION PRODUCTS OF TURPENTINE OIL. 1329 


125° and 160°, but after several recrystallisations an acid of m. p. 135° 
-was obtained in snow-white, microcrystalline needles, very easily soluble 
in water, not very soluble in dry ether, and insoluble in chloroform. 
The purified acid has the same empirical composition as camphoronic 


-acid, and only differs slightly from it in the electrolytic conductivity, 


although this latter physical constant is sufficient to show that the 
‘two acids are not identical. The silver salt was analysed. 


0°1525 gave 0°1540 CO, and 0:0403 H,O. C = 20°03; H = 2°04. 
0°3287 ,, 01981 Ag. Ag = 60°10. 

C,H,,0.Ag; requires C = 19°59; H = 2:07; Ag = 60°27 per cent. 
0°1798 acid gave 0°3277CO, and 0°1030 H,O. C = 49°54; H = 6°42. 
C,H,,0, requires C = 49°70; H = 6°36 per cent. 


Dr. C. 8S. Palmer was kind enongh to make the following deter- 
mination of the electrolytic conductivity of the acid (m. p. 135°). 


32 19°89 05°65 0°0105 
64 27°57 07°83 0°0104 
128 38°39 10°20 0°0104 
256 52°11 14-80 0:0100 
512 72:14 20°49 00103 
1024 97°03 27°56 0°0102 


‘Temperature, 25°. 
Ostwald found for camphoronic acid— 


Perhaps this acid is a geometrical isomer of camphoronic acid. I 


‘am at present at work on this subject. I propose for it the name 


terpylonic acid. 
The Mother Liquor from the Lead Salt.—The excess of lead was pre- 


‘cipitated by sulphuretted hydrogen, the liquid made alkaline with 


sodium carbonate, boiled, filtered from the chromium hydrate, and 
extracted with ether. A yellow syrup was thus obtained, which 
solidified on standing; the crystals, when separated from the mother 
liquor and recrystallised from water, melted at 50°, and consisted of 
terpenylic acid. 

No other new oxidation products were obtained. 

Oxidation of Terpinol.—Terpinol (the monohydrate of turpentine) 
was oxidised with an amount of potassium dichromate and sulphuric 
acid corresponding to 9 atoms of oxygen. By following the process 
described above, for the isolation of the oxidation products of tur- 
pentine oil, a syrup was obtained, which solidified to a crystalline paste. 

4x2 
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The crystals, when collected and recrystallised from water, and heated 
at 80° in a drying cupboard, contained only traces of a solid substance.. 
The syrup consisted almost exclusively of terpenylic acid, with only 
very small quantities of terebic acid. No acid yielding an insoluble- 
lead salt was obtained. The yield of terpenylic acid seemed fairly 
good ; owing to the difficulties of purification, it could not be estimated 


with any degree of accuracy. 


II.—Constitution of Heptolactone and Teracrylic acid, 


Terebic acid, on distillation, gives, as principal products, pyroterebic 
acid and a lactone (isocaprolactone), which is obtained from the 
latter acid on treating it with hydrobromic acid (Geisler, Annalen,. 
208, 37). Krais (Inaug. Diss., Leipzig, 1891) prepared this pyro- 
terebic acid synthetically by the treatment of isobutaldehyde with 
malonic acid, and concluded that it had the constitution 


CH(CH,)."CH:CH-COOH. 
CH(CH,),,CHO + CH,(COOH), = H,O + 
CH(CH,).CH:CH-COOH. 


A short time afterwards, Ott (Ber., 24, 2600) found that, by the 
action of propaldehyde on malonic acid, two different isomers could 
he obtained, which he separated from one another by means of their 
barium salts, the one salt being soluble, and the other insoluble, in 
alcohol. 

Viefhaus, who had already been engaged in investigating this: 
subject before the publication of Ott’s work, showed that a mixture. 
of A.aB- and By-acids was obtained (Ber., 26, 915); both gave the 
same lactone on boiling with dilute sulphuric acid. The constitution 
of pyroterebic acid, which is obtained by a similar synthesis, must be: 
regarded, therefore, as uncertain. 

Terpenylic acid, on destructive distillation in an analogous way, 
gives an unsaturated acid (teracrylic acid), which, on treatment with 
hydrobromic acid, can be converted into the isomeric lactone. In 
order to ascertain the constitution of this lactone (heptolactone), the 
two following isomers were synthetically prepared.* 


CH, H, CH,CH-CH 
OG CH-CH(CH,),, (CH,),C GO. 
\Z = 


* The synthesis of various isomers appears to be the only way of determining. 
the constitution of lactones. 
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(HCH : 
A. The Lactone a CH-CH(CH;).. Isoheptolactone 


O 
Isovaleraldehyde was heated with malonic acid and acetic acid (as 
water-withdrawing agent). 


CH(CH,),CH,CHO + CH,(COOH), = H,O + CO, + C,H,,0). 


The condensation product boiled between 212° and 220°, but could 
not be separated into two products by means of the barium salt, as 
the latter was completely soluble in alcohol. The calcium salt, how- 
ever, was fractionally crystallised, and the various fractions contained 
different amounts of water of crystallisation. It was therefore 
concluded that a mixture of calcium salts of isomeric acids was 
present. The product of the reaction differs from the acid obtained 
by Zanner (Annalen, 255, 91) by the distillation of isopropyl- 


‘CH-COOH 


H, 
paraconic acid, of CH-CH(CH;)., in the following respects. 


Whereas the latter acid gives, with sulphuric acid and with hydro- 
bromic acid, a lactone in almost theoretical yield, and forms a calcium 
salt with 13H,0, the latter gives very little lactone under the same 
conditions, and forms a calcium salt with from 3} to 54 H,O. Since 
this salt, on fractional crystallisation, gives crops containing different 
percentages of water, it is probably a mixture consisting principally 
of the A-af-acid, whereas Fittig and Zanner’s acid, owing to the 
ease with which it yields a lactone with acids, is probably the corre- 
sponding A-fy-acid. The lactones obtained from both acids appear 
to be identical. 

The action of hydrochloric acid on the barium salt of the con- 
densation product of isovaleraldehyde and malonic acid is very 
remarkable. Instead of the original acid boiling at 212—220°, a 
liquid of acid properties is obtained, which can no longer be distilled 
under ordinary pressure without decomposition, but boils between 
148° and 152° under 80 mm. pressure, together with a small quantity 
of liquid which comes over between 152° and 153° under the same 
conditions. The analyses agreed with the somewhat complicated 
formula C,4H.,0;. Whether a mixture of the acid 


CH(CH,).CH,-CH(OH)-CH,,COOH 


and an unsaturated acid containing an H,O less, or a homogeneous 
acid, was present must be determined by future research; but such 
an investigation is foreign to the immediate object of this work. 
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CH,CH-CH; 
B. Synthesis of the Lactone OC P ees Heptolactone. 
» 


An attempt was first made to prepare the acid 
CH(CH;).°C(CH;):CH-COOH 


by the action of methyl isopropyl ketone on malonic acid in the pre-. 
sence of acetic anhydride. 


CH(CH;).CO-CH; + CH,(COOH), = H,O + CO, + 
CH(CH;,),C(CH,):CH:COOH. 


An acid of high boiling point was obtained, but in such small 
quantity that the synthesis was not practicable. 

The second method employed was the following. 

1. Methyl isopropyl ketone was treated with zinc and allylic iodide,. 
and the compound thus obtained decomposed with water. 


a. CH(CH;).*COCH,; + Zn + C,H,I 
= CH(CH,),C(CH,)(C3H,)-OZnl. 


b. CH(CH;),*C(CH;)(C,H;)-OZnI a H,0 = HI + ZnO 
+(CH(CH,),-C(CH,) (C;H,)OH. 


2. The methylallylisopropylcarbinol thus isolated was oxidised to. 
f-methylisopropyl-A-lactic acid. 


CH(CH;),° C(CH.)<¢H. ‘CH: CH, +50= 


3. Asa A-cB-acid, on treatment with aia acid, gives a lactone,. 
one might assume that a 8-hydroxy-acid is formed as an intermediate 
product. If this is the case, a -hydroxy-acid should, a fortiori, give 
a lactone on treatment with sulphuric acid. This is, in fact, the case. 
In this way, 8-methylisopropyl-f-lactic acid gives a lactone. 


CH, C(CH,)-OH _ 


CH(CH)r (CH <O COOH ~ HOOG G(CH,); 


CH, CH-CH, CH,CH-CH; 
HOOC HOR = OC (CHs):2 + H,0. 
4 


40 
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This lactone is the same as that obtained from teracrylic acid, as 
was proved by the identity of the boiling and melting points, and 
the solubility in water. 

Fittig has shown that A-f--acids, on treatment with caustic soda, 
change into A-aB-acids. He supposed that a hydroxy-acid is 
formed as an intermediate product. On the ground of this sup- 
position, he treated a B-hydroxy-acid with caustic soda, and obtained 
therefrom an unsaturated A-af-acid. This work was published on 
the same day, almost (Ber., 26, 40), that I myself accomplished the 
synthesis of heptolactone, by treating a 8-hydroxy-acid with sulphuric 
acid, and, as far as we can generalise from the limited number of 
experiments which have up to the present been performed, we can 
say that hydroxy-acids, by treatment with sulphuric acid, tend to 
change into lactones, whereas treatment with alkalis tends to convert 
them into A-af-unsaturated acids. A similar rule applies, apparently, 
to the unsaturated acids themselves (cf. Bayer and Rupe, Annalen, 
256, 1). 

Owing to the ease with which teracrylic acid is converted into 
heptolactone, it is probable that the former is a A-By-acid. Its con- 
stitution, and its conversion into heptolactone, would be represented 
as follows. 


-0(CH,) Se 
CHsC<o4,.cooH + HBr = CHsCH<op .cooH = 


HBr + CHyCH<G( 50. 


An attempt was made to prepare teracrylic acid synthetically. 
Erdmann (Annalen, 228, 181), by the action of sodium ethylate on 
isocaprolactone, obtained an acid, which he called pseudopyroterebic 
acid, and he explained its formation by means of the following 
equations. 


CHyCH, 
(CH.).0 G0 + NaO0C.H; = C,H,0-C(CH;),CH,CH,COONa 


O 
= C,H,OH + C(CH;),:CH-CH,-COOH 


Heptolactone was treated in a similar way with sodium ethoxide. 
An acid was obtained, but only in such small quantities that there 
was not sufficient for the analysis of a calcium salt. The main pro- 
duct was a neutral syrup, which is, apparently, a substituted oxetone 
(comps~e Fittig, Annalen, 256) ; it was not further investigated. 

On account of the wandering of the double bond, the constitutions 
of pyroterebic acid and teracrylic acid, are not settled. They are 


1334 SCHRYVER: RESEARCHES ON THE 


probably both A-fy-acids, the pseudopyroterebinic acid of Erdmann 
being apparently a A-af-acid, and it is probable that the A-y- 
acid is formed first, and this, in the alkaline liquid, undergoes an 
isomeric change, in consequence of which it is converted into the 
4-af-acid. 


EXPERIMENTAL. 
eo 
A. The Lactone O CH:-CH(CH;):. 
4 


Action of Isovaleraldehyde on Malonic acid.—lIsovaleraldehyde was 
treated with malonic acid, the process adopted by Komnenos (Annalen, 
218, 166) being employed. A better result, however, was obtained 
by substituting a mixture of acetic acid (25 parts) and anhydride 
(10 parts) as water-withdrawing agents. The product was isolated 
in the way described by Komnenos. It boiled between 212° and 
220°, and, for analysis, a portion boiling between 217° and 219° was 
employed. 


0°1540 gave 0°1282 H,O and 0°3720 CO, C = 65°87; H = 9°24, 
C,H,,0, requires C = 65°62; H = 9°37 per cent. 


The barium salt was prepared from the acid by neutralising it with 
barium carbonate, finishing with a little baryta water. The gummy 
mass obtained on evaporating was converted into a white powder on 
drying. When heated with sulphuric acid, 


0°1873 gave 0°1118 BaSO,. Ba = 35°08. 
(C,H,,0,),Ba requires Ba = 35°22 per cent. 


It was easily soluble in alcohol. 

The calcium salt was obtained in a similar way. The solution, 
however, was evaporated on the water bath till a skin formed, 
and then in a vacuum, The two crops of crystals formed were 
analysed. 


Estimation of Water of Crystallisation. 


First Fraction.—0°3185 gram of calcium salt, dried for one hour 
between blotting paper, lost at 110° 0°0770 gram H,0. 
Second Fraction.—a. 0°2530 gram of calcium salt, dried for a week 
between blotting paper, lost at 110° 0°0460 gram H,0. 
b. 03245 gram of the same fraction, recrystallised and dried for 
nalf an hour between blotting paper, lost at 110° 0°0600 gram 
H,0. 


Ser E/T 0iCr 
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Calculated for 
HO found. (C,H,0.)sCa,3}H,0. (C;H,,0,),Ca,5}H,0. 
Satescicd Gee — — 
Ya...e... 1818 176 25:1 


2b ....... 18°49 _— — 


Calcium Estimation in the Salts dried at 110°. 


la. 0°2415 gave 0:0465 CaO. Ca = 13°75 per cent. 

2a. 02070 ,, 00400 ,, Ca=13'79 ,, 

2b. 02645 ,, 00510 ,, Ca=13°77 ,, 
(C,;H,,O,),Ca requires Ca = 13°62 __,, 


Action of Sulphuric acid on the Acid.—By the action of sulphuric 
acid on the acid, a small quantity of a neutral body was obtained. 
The method of experiment and isolation was the same as that described 
hereafter (p. 1337) in the preparation of heptolactone. It boiled at 
230°, did not solidify in a freezing mixture, and on heating with 
sodium hydrate, yielded the sodium sali of an acid. A silver salt of 
this acid was prepared and analysed. 

0°1200 gave 0°0515 Ag. Ag = 42-91. 

C,H,;,0,;Ag requires Ag = 42°68 per cent. 

Decomposition of the Barium Salt with Hydrochloric acid.—The 
barium salt of the condensation product boiling between 212° and 
220°, prepared in the manner described above, was suspended in 
water, and decomposed with concentrated hydrochloric acid; the oil 
which separated was immediately extracted with ether, but, instead of 
the original acid, a liquid was obtained which, after drying with 
sodium sulphate, no longer distilled under the ordinary pressure 
without decomposition ; under a pressure of 80 mm. it passed over 
between 148° and 152°, together with a much smaller fraction between 
152° and 155°. The former portion was analysed. It had a strongly 
acid action on litmus paper, and was soluble in sodium carbonate. 
Whether it is a mixture or a homogeneous substance is, at present, 
uncertain. I hope, however, to have an opportunity later on of in- 
vestigating this subject. When analysed, 


0°1737 gave 0°3920 CO, and 0°1405 H,0. 
0°2292 ,, 0°5165 » 01830 ,, 


Found. Calculated. 
I. IL. Ci4Hoj05-  C;HyOx 0,503. 
Gucccse CH Cl 61°76 65°62 57°93 
eccces 8:98 §°88 8°83 9°37 8°96 


Of 


29°47 29°31 29°41 25°01 33°11 
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ee 
B. Synthesis of Heptolactone, OC C(CHs)>. 


Preparation of Methyl Isopropyl Ketone—Ethylic dimethylaceto- 
acetate was mixed with a quarter its weight of dilute sulphuric acid 
(1 of acid to 3 of water), and the two layers kept in strong ebullition. 
To avoid bumping, pieces of pumice were added. From time to time, 
the layers were separated, and the ethereal one distilled under 
diminished pressure from a water bath. In this way the ketone could, 
for the most part, be separated from the unchanged ethylic dimethyl- 
acetoacetate, which is not volatile on the water bath, although small 
quantities distil over with the ketone. The unchanged ethereal salt 
was again hydrolysed as above, and the ethereal layer again distilled 
from a water bath under diminished pressure. After this operation 
had been repeated several times, considerable quantities of charred 
matter remained behind. Nevertheless, the yield of ketone is much 
better than that obtained in the hydrolysis with baryta water. The 
operation lasted six days. The ketone was washed with a large 
quantity of water, dried with sodium sulphate, and fractionated. The 
yield was 25 per cent. of the weight of the ethylic dimethylaceto- 
acetate employed. 

Preparation of Methylallylisopropylcarbinol—A mixture of methyl 
isopropyl ketone and allylic iodide, in molecular proportion, was 
allowed to drop on to zinc contained in large flasks cooled wiih ice- 
cold water. After standing over night, water was added, and the oil 
which separated distilled off in a current of steam. The oil which 
passed over was separated from the aqueous liquid, dried with 
potassium carbonate, and fractionated. Three main portions were 
obtained. 


I. Boiled below 90°. Not further used. 
II. ,, between 90° and 140°. Treated again with allylic iodide 
and zinc, as it consisted principally of unchanged ketone. 
III. Boiled below 140° and 160°, but principally between 150° and 
157°. 


The last portion, which consisted chiefly of methylallylisopropyl- 
carbinol, was allowed to stand in sunlight in contact with mercury to 
separate the last traces of allylic iodide. It was then dried with 
barium oxide and again distilled. 

The yield of carbinol boiling between 140° and 160° was about 
40 per cent. of the theoretical. 

The fraction used for analysis boiled between 151° and 153°, 
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0°0713 gave 0°0795 H,O and 0°1957 CO,. = 7485; H = 12°39.. 
00668 ,, 00743 ie 01825 , C= 7451; H = 12°36.. 
C,H,,O requires C = 12°50; H = 75:00 per cent. 


Preparation of B-Methylisopropyl-f-lactic acid—Every 10 grams of” 
methylallylisopropylcarbinol were mixed with 420 grams of water, and 
42 grams of potassium permanganate in 7 per cent. solution was added 
slowly, the mixture being constantly shaken. The decolorisation of 
the permanganate solution was instantaneous. After the precipitated 
manganese dioxide had settled, the clear liquid was decanted, the 
precipitate washed with water, and the adhering liquid separated as 
completely as possible by means of the pump. The filtrate was then, 
evaporated, acidified with sulphuric acid, and extracted with ether.. 
A syrup was in this way obtained, which smelt strongly of acetic acid,. 
but it was not possible, by distilling in a current of steam, to say 
when all the acetic acid had distilled over, as another volatile acid 
came over with it. The residual acids were, however, neutralised 
with chalk, and the excess of chalk and an insoluble calcium salt 
(insoluble in acetic acid, and, therefore, calcium oxalate) filtered off.. 
The filtrate was then acidified and extracted with ether. From 
170 grams of the carbinol about 60 grams of a syrup, which was 
dried in a vacuum, were obtained. This consisted chiefly of 8-methyl- 
isopropyl-8-lactic acid, but, unfortunately, it could not be purified.. 
On heating with water on a water bath, it partly volatilised, as the- 
following analyses of the silver salt show. 

First Silver Salt.—The syrup, without further treatment, was. 
neutralised with ammonia, and the silver salt precipitated and washed 
with hot water. It contained 43°74 per cent. Ag. 

Second Silver Salt.—The syrup was heated for two hours with. 
water on a water bath. The silver salt, prepared as above, contained 
44°15 per cent. Ag. 

Third Silver Salt.—Treated as the second, only the heating was. 
continued for 6 hours. Contained 44°67 per cent. Ag, 30°35 per cent. 
C,and 4°59 per cent. H, instead of 42°69 per cent. Ag, 33°2 per cent.. 
C, and 5°14 per cént. H, as calculated for C;H,,0;Ag. 

The acid appears, therefore, to be mixed with a bibasic acid. 

Attempts were made to purify the acid by means of its salts. The- 
calcium, barium, and copper salts are very easily soluble in water,. 
the lead salt is resinous, and the zinc salt gelatinous, so that it could 
not be separated from the mother liquors. 

The impure acid was used for further experiments. 

Preparation of Heptolactone from B-Methylisopropyl-B-lactic acid.— 
The syrup was mixed with five times the quantity of 50 per cent.. 
sulphuric acid, warmed for a short time, and then diluted with an 
equal volume of water. A black oil separated out, which did not 
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-disappear, even after prolonged boiling. After heating for about five 
hours, the liquid was filtered from the tarry matter, neutralised with 
sodium carbonate, and the oil which separated was extracted with 
-ether. The ethereal extract was dried with sulphate of soda, the 
ether distilled off, and the residual oil fractionated ; as it still con- 
tained water, it was dried once more with potassium carbonate and 
again distilled. An Anschiitz thermometer was used. The tempera. 
ture rose quickly to 215°; by 217° it was entirely surrounded by the 
vapour, and every trace of the liquid had passed over at 221°. In 
this way, a colourless, faintly smelling oil was obtained. It is neutral, 
and solidifies in a freezing mixture to small, snow-white needles, 
which melt at 10°. The properties of the liquid agree with those of 
the heptolactone prepared by Fittig and Krafft (b. p. 220°, m. p. 11°; 
Annalen, 208, 86). 

Solubility in Water.—At a few degrees above 0°, the lactone was 
not completely dissolved in 10 parts of water, but was almost entirely 
soluble in 12 parts. On warming, the solution began to get turbid, 
and between 30° and 50° was quite milky; at 60° it was clearer 
again, and at 8U° as clear as at 0°. When analysed, 

I. 0°1738 gave 0°1483 H,O and 0°4132 CO,. C = 65:12; H = 9°47, 

Il. 0°2727  ,, 0°2350 » 06500 , C=6501; H= 957. 
III. 01575 =,, 01350 »  O3778 , C=6543; H = 9°52. 
C,H,,0,* requires C = 65°62; H = 9°37 per cent. 


Heptolactone was treated with sodium ethoxide, and the procedure 
adopted was exactly the same as that employed by Erdmann in the 
-case of isocaprolactone (Annalen, 228, 181; see also Fittig, Annalen, 
256, 134). The result has been already mentioned (p. 1333). 


IlI.—Constitution of Terpenylic acid. 


Terebic acid, which is analogous in so many respects to terpenylic 
acid, is decomposed by concentrated baryta water at 150—170° 
almost quantitatively into acetone and succinic acid. 

CH,CH-COOH 
—<_ + H,O0 = CO(CH;), + COOH’CH,CH,-COOH. 


O 


In the hope of obtaining a similar reaction with terpenylic acid, 
the latter was heated with baryta for several days in sealed tubes at 
180°, but the acid remained unchanged. 


* I and II were made in an open tube, III in a bayonet tube. (Compare Claisen, 
Ber., 25, 1768.) 
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An attempt was next made to reduce terpenylic acid, with the 
object of splitting the lactone ring. This took place on heating it 
with concentrated hydriodic acid in a sealed tube at 180—200°; at 
lower temperatures, however, the terpenylic acid remained unchanged.. 


C,H,,0, + 2HI = I, + C,Hy,0,. 


The assumption that the acid thus obtained was f-isopropylglutaric- 
acid was proved by the following synthesis of the acid. 

1. Isobutaldehyde was heated with ethylic malonate and acetic- 
anhydride. Ethylic isobutylidenemalonate was thus produced, ac- 
cording to the equation 

CH(CH;)..CHO + CH,(COOC,H;), = 

H,0 + CH(CH;).°CH:C(COOC,H;).. 

2. Auwers, Kibner, and v. Myrenburg (Ber., 24, 2887) have 
shown that ethylic sodiomalonate is capable of forming addition 
products with the ethereal salts and unsaturated acids, and that the 
sodium always unites with the carbon atom which is connected with. 
the carboxethyl group. It was to be expected that a similar addition: 
product would be formed, a@ fortiori, with ethereal salts of bibasic: 
unsaturated acids. Ethylic isobutylidenemalonate was, therefore, 
treated with ethylic sodiomalonate, and a reaction took place accord-- 
ing to the equation 


CH(CH;).*CH:C(COOC,H;). + CHNa(COOC,H;), = 
, CNa(COOC.H;) 
CH(CH;); CH<6H(COOC,Hs)» ‘ 
3. The sodium compound thus formed was treated with acids, and 
the ether, CH(CH;)..CH[CH(COOC,H,),],, thus obtained, hydrolysed.. 


CH(CH;).CH[CH(COOC,H;)2]. + 4H,0 = 
4C,H,;OH + 2CO, + CH(CHs).,CH(CH,-COOH)... 


The acids had the same melting and boiling points ; moreover, they 
gave characteristic lead salts soluble in excess of the acids, forming 
solutions from which the salts again separated in the crystalline- 
form on standing or stirring with a glass rod. 

Now, as terpenylic acid is a lactone acid, and there are only two- 
positions in which a hydroxyl group can stand in the y-position to 
the carboxyl group in f-isopropylglutaric acid, only two formule for- 
the former acid are possible, namely, 

CH,-OH-CH(CH;), CH, CH-CH;.COOH 
OC CHCOOH , OC C(CHs). . 
\Z 4 
O O 
A. B. 
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To decide between these two formule, the work of Fittig and Levy 
‘(Annalen, 256, 109) must be taken into account. 

These chemists found that, by the action of sodium ethoxide, 
2 mols. of ethylic terpenylate lose 1 mol. H,O0, an ethylic monocarb. 
oxylate being formed, which easily loses carbonic acid on hydrolysis, 


and contains, therefore, the group >o<60 


The product thus obtained is neutral, and, on boiling with alkal is, 
‘gives salts of a bibasic acid. It is, therefore, a dilactone. 

Now a condensation of ethers of lactone acids with sodium ethylate 
can take place in three different ways. 

I. A bibasic unsaturated isomer can be obtained, as in the case of 
the paraconic acid derivative (see Fittig, Annalen, 256, 50). This is 
obviously not the case here. 

II. A condensation of two lactone groups, as in the case of the 
simple lactones, with the formation of the so-called oxetones (Fittig, 
Annalen, 256, 59). This cannot have taken place in the case of 
ethylic terpenylate, because 


a. A monobasic acid is obtained. A carboxethyl group must, the. 
fore, have played a part in the reaction. 
b. A dilactone is obtained. The oxetones are only monolactones. 


III. A condensation of a carboxethyl group with the group CH,°CO, 
as in ethereal salts of acetic and oxalic acids, according to the re- 
searches of Claisen (Ber., 20, 655, 1770) and W. Wislicenus (Ber., 
20, 3394). 


Two cases are here possible. 


1. When the CH,CO group is contained in the lactone ring. With 
a substance of Formula A this is the only possibility, as the 
only such grouping present is so situated. 

2. When the CH,°CO group is not in the lactone ring, but in the 
form *CH,*COOC.H;. This occurs only in Formula B. 


Consider Case 1. If a condensation takes place in accordance with 
the researches of Claisen and W. Wislicenus, we should represent 
the reactions by the following equations. 


CH, CH-C,H, 
I. OC CH-COOC,H; + NaO0C.H; = 
\7 


CH, CH-C;H, 
OG CH-C(ONa)(0C,H,)». 
\Z 


O 
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CH.CH-C.H; io 
II. OC CH-C(ONa)!(OG,H,), + | OC CH-COOC,H, = 
\4 YY 


O 
2C.H,OH + 


CH, < CBGBs CH-0(ONa):0<CB(OH)s oH-COOC.H,. 
‘The compound thus obtained would, on treatment with acids, give 


CH, < CB OHS cH-CO-CH< GH (CHS CH-COOG.H:. 


Now, in order that CO, may split off from such a compound, we 
must assume that water would first break up one lactone ring, and 
‘the following compound would be obtained. 

CH, CH'C;H, 
OC H-CO-CH-CH(C;H;)-CH(OH)-COOH, 
¥ COOH 


‘and this, on removal of CO,, would give 


CH CH-C,H,; 


OG OH-C0-CH:CH (C.Eh)-CH(OH)-COOH. 


This substance is neither neutral noradilactone. Against a similar 
condensation, with a compound of Formula B, the same objections 
can be raised. ; 

Let us assume, however, that the grouping ‘CH,-COOC,H; is 
present. Then we can explain all the reactions of ethylic terpenylate 
by the following equations. 


. CHyCH-CH,COOC,H, 
(1.) OC C(CHs). + C.H,;OH = R:CH,C(OC,H;).-ONa, 
\4 
O 
CHyCH— 
where R represents OC C(CHs).2 
V4 


(II.) R-CH,-C(OC,H;,),-ONa + R-CH,CO00,H, = 
R-CH,C(ONa):C(COOC,H,)-R + 20,H,-OH, 


a derivative of ethylic acetoacetate. This, on acidifying and saponi- 
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fying, would lose CO,, to give the two isomeric dilactones (diterpo- 
lactones) 


GH 

er) 

GH. 
H-C-CH,-00 

o—0 


ZN 
CH; CH; 


Thus we find that it is only by adopting Formula B that we can 
explain the condensation of ethylic terpenylate with sodium ethoxide, 
unless such a condensation takes place in a way which has not yet 
been investigated. There is a further reason for adopting this 
formula. If Formula A were correct, then we should expect 

CH,CH, 


that heptolactone would have the constitution OC CH-CH(CH,)» 
\Z 


CH, CH-CH; 
whereas, by synthesis, we have shown that itis OC O(CHs)., that 
4 


is, it does not contain an isopropyl group. 


Two attempts were made to synthesise terpenylic acid. 
I. By the oxidation of f-isopropylglutaric acid, thus, 
CH(CH;),.,CH(CH,,COOH), + O = 
CH, CH-CH,-COOH 
OH-C(CH;).°CH(CH,-COOH),* = H,0 + 7 C(CH;). 
4 


(Compare oxidation of the group R'CH<f,, Richard Meyer, 
Annalen, 220, 1). 


* 8-Isopropylglutaric acid could only be oxidised by potassium permanganate 
with very great difficulty. This agent was added in dilute solution in quantity 
corresponding to one atom of oxygen to a solution of the acid in water; the first 
few drops were quickly decolorised, but after a short time the oxidation took 
place very slowly even on warming, and the whole of the permanganate could not 
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Il. By the oxidation of diallylmethanedimethylcarbinol, prepared 
from diallylacetone as follows. 


a. CH;°CO-CH(C;Hs). + Zn(CHs), = 
CH,-Zn-0-C(CH,).:CH(C,H,)». 


b. CH;Zn-O-C(CH;)."CH(C;Hs)2 + H,O = ZnO + C.H, a+ 
OH-C(CH;).°CH(C;H;)>2. 


ce. OH-C(CH,),*CH(CH;CH:CH;), + 100 = 
OH-C(CH;),;CH(CH,COOH), + 2CO, + 2H,0. 


The only solid product obtained was oxalic acid.* 
_ Attempts were also made to prepare a compound of the formula A 
by brominating f-isopropylglutaric acid, but no satisfactory results 
were obtained. 


Reduction of Terpenylic acid. 


12 grams of terpenylic acid and about 1 gram of red phosphorus: 
and 70 grams of fuming hydriodic acid were heated at 180—200° for 
about six hours in three tubes, made of hard glass. Before sealing 
the tubes they must be filled with carbon dioxide, otherwise, on 
opening, an explosion would take place. 

After the reduction, a colourless, mobile oil floated on the hydriodic 
acid, but, owing to the minute quantities in which it was formed, it 
could not be further investigated. After it had been separated from 
‘the underlying mother liquor, the latter was mixed with red phos- 
phorus (to avoid decomposition of the hydriodic acid) and distilled 
off from a water bath under diminished pressure. 

The residual oil was then dissolved in a large quantity of water, 
sulphurous acid being added to avoid separation of iodine; the 
solution was then extracted with ether. After distilling off the ether, 
a mixture of two acids was obtained, namely, unchanged terpenylic 
acid, and another acid which could be easily separated from the 
former by taking advantage of the sparing solubility of its lead salt. 


be deoxidised. After adding alcohol, filtering, acidifying the clear liquid and ex- 
tracting with ether, nothing but unchanged 8-isopropylglutaric acid was obtained. 
* Diallylacetone, prepared by the hydrolysis of ethylic diallylacetoacetate with 
dilute caustic soda, was allowed to stand for eight days with a large excess of zinc and 
methylic iodide. After three or four days, the smell of the ketone had vanished, 
and the mixture became solid. Ice-cold water was then added, and the oil which 
separated distilled over in a current of steam. The distillate was extracted with 
ether, and an oil smelling like oil of turpentine was obtained. As only a pre- 
liminary experiment was made, this substance was not further investigated. When 
directly oxidised with permanganate solution, nothing but oxalic acid was formed. 
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For this purpose, the acids were dissolved in water and a concen- 
trated solution of lead acetate added in excess ; the white precipitate 
was collected and decomposed by hydrogen sulphide. In this way, a 
crystalline acid of the composition C,H,,O, was obtained, which was 
purified by twice recrystallising it from strong nitric acid. It melted 
sharply between 99° and 100°. 


0°1670 gave 0°1202 H,O and 0°3367 CO, C = 5498; H = 7°99, 
C,H,O, requires C = 55°17; H = 8:04 per cent. 


The composition and properties of this acid agreed fully with those 
of f-isopropyglutaric acid, prepared synthetically as under. 

From the mother liquor of the insoluble lead salt, white, trans. 
parent needles of a soluble lead salt crystallised out in small quan- 
tity ; the lead salt of terpenylic acid, however, remained in solution, 


Synthesis of B-Isopropylglutaric acid. 


Preparation of Ethylic Isobutylidenemalonate—Somewhat more 
than 1 mol. of isobutaldehyde was heated with 1 mol. of ethylic 
malonate (50 grams of isobutylaldehyde to 100 grams of ethylic 
malonate) and 14 mol. of acetic anhydride, for three days in a water 
bath, in tightly-corked seltzer water bottles. The liquid was then 
distilled under ordinary pressure until the thermometer marked 150°. 
The higher boiling portions, consisting chiefly of ethylic malonate 
and isobutylidenemalonate, were then fractionated under diminished 
pressure, as the latter is so easily decomposed. As small quantities 
of the former could not influence the reactions, all that passed over 
above 135° under 65 mm. pressure was used for further experiments. 
The main portion came over between 140° and 160°. 

From 100 grams of ethylic malonate, about 45 grams of the crude 
product were obtained ; unchanged ethylic malonate and isobutalde- 
hyde could be recovered. 

Ethylic isobutylidenemalonate is a colourless, highly refractive 
liquid of alliaceous odour. 

For analysis, a fraction boiling between 128° and 132° under 
23 mm. pressure was used. 


0°1428 gave 0°1115 H,0 and 0°3220 CO, C = 61:49; H = 868 
CyoH,sO, requires C = 61°68; H = 8°40 per cent. 


Addition of Ethylic Sodiomalonate to Ethylic Isobutylidenemalonate.— 
1 atomic proportion of sodium was dissolved in 10 times its weight 
of absolute alcohol, and ethylic malonate added; the ethylic sodio- 
malonate crystallised out on cooling. The ethylic isobutylidene- 
malonate was then added; the liquid became warm and the crystals 
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dissolved. To complete the reaction, the syrup which was thus ob- 
tained was heated for 15 hours on a water bath. The alcohol was 
then distilled off under diminished pressure from a water bath, and 
the residual thick syrup, containing crystals, added to a large quan- 
tity of water and acidified. It was not possible to distil the oil 
thus obtained, even under diminished pressure, and it was, therefore, 
without further treatment, saponified. 

Hydrolysis of the Tetracarboxrylic Ether—The ethereal salt was 
hydrolysed according to the method of Auwers and others (Ber., 
24, 28875). 14 times the volume of fairly dilute hydrochloric acid 
was added (equal volumes of concentrated acid and water), and 
the mixture heated on a sand bath with a bent condenser, as 
described in the paper quoted. As soon as the evolution of carbon 
dioxide ceased, the volatile products were separated by distilling 
with steam and the residual liquid extracted with ether. On dis- 
tilling off the ether, a syrup remained, which still contained small 
quantities of acetic acid. It was, therefore, heated once more on @ 
water bath with water. The solution was then neutralised with 
ammonia, the acid precipitated with lead nitrate, and the lead salt 
decomposed with hydrogen sulphide. In this way, a crystalline acid 
was obtained, which was purified by recrystallising it once or twice 
from strong nitric acid. The yield is very small. 


The acid forms white, transparent needles, which melt between 99° 
and 100°. With lead acetate, it gives a precipitate, soluble in excess 
of the acid, which separates in the crystalline form on standing or 
stirring with a glass rod. In all respects it agrees with the acid ob- 
tained by the reduction of terpenylic acid. 


0°1620 gave 01163 H,O and 0°3275 CO,. C = 5483; H = 7°98. 
02930 ,, 02098 ,, ,, 05900 ,, C = 5492; H = 7 96. 
C,H,,0, requires C = 8°04; H = 55:17 per cent. 


The above work was carried out in the first chemical laboratory of 
the University of Leipzig. I wish, here, to express my sincere thanks 
to Professor J. Wislicenus for the interest he has taken in it and for 
the advice given from time to time. 
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XCVIII.—Studies on the Indoxazen Reaction. 
By WituaM A. Bone, B.Sc., Ph.D., Fellow of Victoria University. 


‘In 1892, Cathcart and V. Meyer (Ber., 25, 3291) showed that by the 
action of alkalis on orthobromobenzophenonoxime, hydrogen bromide 
was removed, and a ring compound containing nitrogen was formed, 

‘according to the equation 


C,H,Br-0(0,H;):NOH = HBr + CH<GCGH)> N. 


This new compound was named phenylindoxazen, a derivative of 
the hypothetical indoxazen, OH< oN. It was also found that 


it was necessary for the bromine to be in the ortho-position, the 
meta- and para-compounds being unattacked by alkalis. Attempts 
were made to prepare indoxazen itself by the action of potassium 
hydroxide on orthonitrobenzaldoxime and on orthochlorobenzald- 
oxime. The former was, however, completely decomposed by the 
alkali, whilst the latter was not attacked. 

Later work by pupils of Victor Meyer showed that both orthiodo- 
benzophenonoxime and orthonitrobenzophenonoxime also yield pheny!- 
indoxazen on treatment with alkalis. : 

Russanow (Ber., 25, 3297) tried to prepare free indoxazen by the 
action of potassium hydroxide on jthe oxime of orthobromobenzoyl- 
formic acid, as follows. 


Br tp —O 
CH.<¢(cooH):noH = HBr + CHi<q(gooH)>™ 
and then = CO, + OH<oy> tt. 


He found, however, that a molecular change occurred, the more 
stable and isomeric nitrile of salicylic acid, OH*C,H,CN, being pro- 
duced. 

Victor Meyer found that the oxime of orthonitrobenzoylformic 
acid, when treated with potassium hydroxide, yielded salicylic acid, 
the nitrile being hydrolysed. 


+ NH; + OH:C,H,COOH. 


With sodium carbonate, however, the nitrile (compare Russanow) 


was obtained. 
At Professor V. Meyer’s suggestion the author investigated the 


A~z., DS Se eh CO 
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action of alkalis on orthochloronitrobenzaldoxime. Orthonitrobenz- 
aldoxime, we have seen, is entirely decomposed, and orthochloro- 
benzaldoxime is not attacked, by potassium hydroxide; it seemed, 
therefore, very probable that orthochloronitrobenzaldoxime would 
yield nitroindoxazen. 


NO;C,H,CICH:NOH = HCl + NOsC.Hi<qpr>N. 


The results of this and other investigations on the indoxazen 
formation, which were carried out in the Heidelberg University 
Chemical Labvuratory, are contained in the following paper. 


Part I, 
Elimination of Hydrogen Chloride from Orthochloronitrobenzaldoxime. 


It seemed probable that by the removal of hydrogen chloride from 
orthochloronitrobenzaldoxime on heating it with alkalis, nitroindoxazen 
would be formed, according to the equation 


WOyORi<ernon = NOsC.Hs<gpg>N + HCl. 


Preparation of the Oxime——Our starting point was orthochloro- 
benzal chloride, C;,H,Cl*‘CHCl,; this was converted into the corre- 
sponding aldehyde, which was nitrated, and finally the nitroaldehyde 
was converted into the oxime. The details of these three operations 
are as follows. 

In order to obtain the aldehyde from the chloride, we followed 
Erdmann’s method. 60 grams of orthochlorobenzal chloride were 
shaken with a mixture of 120 grams of fuming sulphuric containing 
15 per cent. SO; and 120 grams of ordinary sulphuric acid, in a 
strong glass vessel for six hours ona shaking machine. The reaction 
is endothermic, and is at anend when the evolution of hydrogen 
chloride and sulphur dioxide ceases, and the temperature of the mix- 
ture has attained that ofthe room. The reaction may be represented 
by the following equation. 


C.H,Cl-CHCl, + H,SO, = C,H,Cl‘CHO + SO; + 2HCI. 


The mixture is then poured into a large volume of ice-cold water, 
when the aldehyde separates as a brown oil; it is distilled over with 
‘steam, separated from the supernatant liquid, and converted into the 
double compound with sodium hydrogen sulphite. The white, crystal- 
line solid thus obtained is decomposed by heating it with a solution 
of sodium carbonate, and the pure aldehyde is driven over by steam. 
The product is extracted with ether, the ethereal solution dried over 
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calcium chloride, and the ether distilled off. The yield was 
17 grams. 

The nitration of the aldehyde must be carried out very carefully, 
at a low temperature, otherwise oxidation sets in. 17 grams of the 
aldehyde were dissolved in 40 grams of concentrated sulphuric acid, 
and the solution very slowly dropped into a well-cooled mixture of 
11 grams of fuming nitric and 40 grams of sulphuric acid. The 
reaction goes best between 10° and 16°; above 20° decomposition sets in. 
After all the aldehyde has been run in, the mixture is allowed to 
stand for an hour, and then poured into water. The nitroaldebyde 
separates as a yellow solid, which is collected and heated with a 
dilute solution of sodium carbonate, in order to remove all acid; it 
is then recrystallised from alcohol. It forms white crystals which 
melt at 80°. 


0°3075 gave 20°8 c.c. moist nitrogen at 15° and 758 mm. N = 7°89. 
C,H;NO,;Cl requires N = 7°56 per cent. 


This nitroaldehyde was prepared for the first time by Erdmann, in 
1892; he showed that the nitro-group occupied the para-position 
with reference to the chlorine. 

To prepare the oxime, the aldehyde (1 mol.) was dissolved in alcohol, 


and to the well cooled solution were simultaneously added concen- 
trated aqueous solutions of hydroxylamine hydrochloride (2 mols.), 
and pure sodium hydroxide (3 mols.) ; the reaction began almost 
immediately. After standing 3—4 hours, the solution was acidified 
with dilute hydrochloric avid, and the oxime, which was thrown down 
as a white solid, was recrystallised from hot dilute alcohol. It melts 
at 147°. 

Action of Alkalis on the Oxime. A. Caustic Soda.—1 gram of the 
oxime was heated in a sulphuric acid bath for three hours, at 130°, 
with 1 gram of chemically pure sodium hydroxide and 10 c.c. of dis- 
tilled water in a small Erlenmeyer flask, provided with a condenser. 
At first, the oxime merely dissolved in the alkali, but very soon an 
evolution of ammonia began, and continued for about half an hour, 
the solution meanwhile acquiring a deep red colour. The solution 
was then filtered, and the residue washed with hot distilled water, in 
which it nearly all dissolved. A small portion of the filtrate was 
acidified with nitric acid, and on adding silver nitrate, a copious pre- 
cipitale was produced, showing that hydrogen chloride had been 
eliminated during the reaction. On acidifying the main portion with 
dilute sulphuric acid, a white precipitate was produced; this, after 
being recrystallised from hot water, had a melting point of 222°. 
It gave a blood-red coloration with ferric chloride, and dissolved in a 
solution of sodium carbonate with evolution of carbon dioxide. In 
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fact, the substance exhibited all the properties of the 1 : 2 : 5-nitro- 
salicylic acid melting at 228° [OH : COOH: NO, =1: 2: 5] de- 
scribed. by Hiibner. 

In order to confirm this conclusion, the silver salt was prepared and 
analysed, the silver being determined as iodide. The salt contained 
Ag = 37°87 per cent. C,H,AgNO, requires Ag = 37°25 per cent. 

B. Sodiwm Carbonate.—It appeared probable that by using the 
milder agent the reaction would not go so far; this proved to be the 
case. 1 gram of the oxime was heated with 2 grams of pure sodium 
carbonate and 7 c.c. of water at 120° for 2—3 hours. After some time, 
a dirty brown precipitate began to be formed, soluble in hot water. 
No evolution of ammonia was noticed, but, on testing, it was found 
that hydrogen chloride had been removed. The precipitate was dis- 
solved in boiling water, the solution filtered from a small insoluble 
residue, and acidified with dilute sulphuric acid; after standing for 
some time, beautiful, lemon-yellow needles began to appear. These, 
after recrystallisation from hot water, were almost colourless, and 
had a melting point of 189°. 

The results of analysis showed that the composition was the same 
as that of nitroindoxazen. 
0°1772 gave 0°3350 CO, and 0°0472 H,0. C = 50°07; H = 2:94, 
01798 ,, 26°6 c.c. moist nitrogen at 15° and 757 mm. N = 17:27. 

C,H,N,O; requires C = 51:20; H = 2°44; N = 17:07 per cent. 


The properties of the substance, however, indicated that it was the 
isomeric nitrile of nitrosalicylic acid. Like nitrosalicylic acid, it 
gave a blood-red coloration with ferric chloride. Moreover, on 
heating 0°170 gram of it with 0°5 gram of sodium hydroxide and 
5 c.c. of water in a test tube with a condenser for three quarters of an 
hour, ammonia was evolved, and, on acidifying the solution with 
dilute sulphuric acid, the acid obtained was the same as that pro- 
duced by the direct action of sodium hydroxide on the oxime. The 
melting point was 224°. 

The silver salt was analysed and found to contain Ag = 37°51 per 
cent. C;H,AgN,0; requires Ag = 37°35 per cent. 

It seemed therefore that, simultaneously with the removal of 
hydrogen chloride, a molecular change had taken place, the nitro- 
indoxazen passing over into the isomeric nitrile of 1 : 2 : 5-nitro- 
salicylic acid, as follows, 

NO,C,H,CI'CH:NOH = HCl + NO,O.H.<Qj>N 

Unstable. 
= NO,C,H;(OH)-CN, 
the latter being a priori the more stable configuration. 
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In the case where the oxime had been subjected to the action of 
sodium hydroxide, the nitrile had been hydrolysed as soon as it was 
formed, yielding the corresponding 1 : 2 : 5-nitrosalicylic acid. 


Part IT. 
Synthesis of Nitriles of Mono- and Di-nitrosalicylic acids. 


In order to establish the foregoing conclusions, it seemed advisable 
to prepare, synthetically, the nitrile, hitherto unknown. This proved 
to be no easy matter, but some interesting results were obtained in 
the three attempts made, on different lines, with this object. 


A. An attempt was first made to prepare the nitrile from the acid 
itself. Salicylic acid was nitrated according to Hubner’s method 
(Annalen, 195, 6) ; the chief product was the 1 : 2 : 5-nitro-acid, which 
can readily be obtained pure in this way. This was converted into 
the methylic salt by dissolving it in methyl alcohol and passing a 
current of hydrogen chloride into the mixture heated on the water 
bath. The methylic salt, which forms beautiful, white needles 
melting at 105°, was then converted into the amide by heating it in 
sealed tubes with alcoholic ammonia for four hours at 150°. All 
attempts, however, to convert the amide into the nitrile failed. The 
amide was heated with phosphoric anhydride in a vacuum over a 
small flame, and also in an oil bath at 160°. Heating with zinc 
chloride under various conditions was also tried; in all cases, the 
mass suddenly charred at about 150°, whilst below this temperature 
no action took place. 


B. The next method tried was to prepare the nitrile of salicylic 
acid first, and then nitrate. 

Preparation of the Nitrile of Salicylic acid.—The first process tried was 
that given by V. Meyer (Ber., 20, 3289), and consisted in converting 
orthoamidophenol into orthocyanophenol, the nitrile of salicylic acid, 
by means of the Sandmeyer reaction. In this way, however, the 
product obtained was very impure, and as the amount of orthoamido- 
phenol at our disposal was limited, it had to be abandoned. 

The following method, suggested by Professor V. Meyer, gave very 
good results, the nitrile being obtained in almost the theoretical yield. 
It was founded on an observation of Lachs, that many aldoximes when 
heated with acetic anhydride lose water, and are converted into the 
corresponding nitriles. 

Salicylaldoxime was prepared from salicylaldehyde by dissolving 
the aldehyde (1 mol.) in alcohol, and adding to this solution, simul- 
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taneously, concentrated aqueous solutions of hydroxylamine hydro- 
chloride (2 mols.) and chemically pure sodium hydroxide (3 mols.), 
the mixture being kept at a fairly low temperature. After standing 
over-night, the solution was rendered just acid with dilute sulphuric 
acid, extracted with ether, the ethereal solution dried with calcium 
chloride, and distilled; the oxime remained behind as a colourless 
oil which crystallised after standing a day or two. The crystals were 
colourless, and melted at 50—55°. 

Five grams of the aldoxime were heated at 145° for 2—3 hours 
with 15 c.c. of acetic anhydride in a flask fitted with a reflux con- 
denser. The liquid was then poured into five times its volume of 
water, and the acetyl derivative of the nitrile, which separated as a 
brownish oil, was hydrolysed by carefully warming with a 10 per 
cent. solution of potassium hydroxide. As soon as the oil dissolved, 
the solution was cooled and acidified with dilute sulphuric acid, 
when the nitrile separated as an oil, and was extracted with ether, 
the ethereal solution dried over calcium chloride, and the ether dis- 
tilled off. The oily residue soon crystallised; it melted at 94° (the 
pure nitrile melts at 98° according to Tiemann, Ber., 20, 3082), so 
that it was fairly pure nitrile. 

Nitration of the Nitrile—This led to the preparation of the hitherto 
unknown mono- and di-nitronitriles. 

The nitrile was dissolved in fuming nitric acid at a temperature 
below 0°. After the solution had stood for half an hour, it was 
poured into water, and the yellow, crystalline mass which separated, 
after being crystallised two or three times from hot water, showed a 
constant melting point of 175°. It gave no coloration with ferric 
chloride. 

These and other properties distinguished it from the compound we 
had obtained by the action of sodium carbonate on orthochloronitro- 
benzaldoxime. Analysis, however, showed that it was a dinitronitrile. 


01564 gave 27°5c.c. moist nitrogen at 20° and 7598mm. N= 20:13. 
C.H.(NO,).(OH)-CN requires N = 20°10 per cent. 


. Constitution—The nitrile, on being hydrolysed by heating with 
dilute sulphuric acid, yielded a dinitrosalicylic acid melting at 171°, 
and giving a red coloration with ferric chloride. The nitrile, there- 
fore, has the constitution [OH : (NO.).: CN = 1:2: 4: 6]. 

The nitrile of salicylic acid was dissolved in the calculated amount 
of ordinary concentrated nitric acid in a large test tube, which was 
immersed in a freezing mixture. In this way, the mononitronitrile 
was obtained; it separated as a yellowish precipitate when the acid 
solution was poured into water, and after being twice recrystallised 
from hot water, it formed beautiful, lemon-yellow needles melting at 
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190°, and giving a red coloration with ferric chloride. In all other 
properties, it corresponded with the compound formed by the action 
of sodium carbonate on orthochloronitrobenzaldoxime, which is, 
therefore, the nitronitrile, and not nitroindoxazen. 


Derivatives of the Mono- and Di-nitronitriles of Salicylic acid. 


The sodium derivative of the mononitronitrile, prepared by adding 
the calculated quantity of sodium ethoxide to an alcoholic solution of 
the nitrile, crystallises in beautiful, yellow needles which are almost 
insoluble in cold water. The silver derivative, obtained by decom- 
posing the sodium salt with silver nitrate, forms lemon-yellow crys- 
tals, which, however, speedily darken on exposure to light; it is 
insoluble in cold, but fairly soluble in hot, water. The acetyl deriva- 
tive is formed on dissolving the nitrile in acetic anhydride; on 
diluting with water, a heavy oil separates, which, after standing 
several days in a vacuum over sulphuric acid, forms colourless crys- 
tals melting at 50—52°. 


Amidoximes from the Nitronitriles of Salicylic acid. 


These interesting derivatives were prepared in the case of both the 
mononitro- and dinitro-nitriles, the method consisting in both cases 
in heating an alcoholic solution of the nitrile with a slight excess of 
an alcoholic solution of hydroxylamine hydrochloride, made feebly 
alkaline with sodium carbonate, for four hours at 80°. The reaction 
in the case of the mononitronitrile is as follows. 


NO;C,H,(OH)CN + NH,OH = NO,-C.H,(OH)-C(NH;):NOH. 


Mononitrosalicylamidoxime does not crystallise well; it is advisable 
to dissolve it in concentrated hydrochloric acid, whereby the hydro- 
chloride is formed; this crystallises in yellow tablets, and melts at 
215°. On treatment with cold water, the hydrochloride is decom- 
posed, yielding the free base. The hydrochloride was analysed. 


0°1194 gave 18°8 c.c. moist nitrogen at 19°3° and 757°6mm. N = 18°02. 
NO,C,H;(OH)-C(NH;Cl):NOH requires N = 18°02 per cent. 


Dinitrosalicylamidozime crystallises much better than the mono 
nitro-compound, and in consequence of the presence of an additional 
nitro-group is almost neutral, and does not form a hydrochloride 
with bydrochloric acid. It forms orange tablets, and melts at 204°. 


0:0407 gave 8°3 c.c. moist nitrogen at 17° and 762°6 mm. N = 23°74. 
OH-C,H,(NO,).C(NH;Cl):(NOH requires N = 23°21 per cent. 
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The Hydrazone of Orthochloronitrobenzaldehyde. 


Before concluding this part of the work we might mention that we 
prepared this characteristic hydrazone in the hope that by the 
elimination of hydrogen chloride (by the action of alkalis) an isind- 
azol ring would be formed according to the equation 


NO;-C,H,ClCH:N-NH-G.H, = NO;0,H,<NCH)5y + HI, 


The hydrazone itself was prepared by dissolving the aldehyde in 
glacial acetic acid, and adding the calculated quantity of phenyl- 
hydrazine; a red precipitate is immediately thrown down, which, 
when recrystallised from glacial acetic acid, forms most beautiful, 
red needles resembling sublimed alizarin in appearance; it melts at 
182°. 
0'1540 gave 21°05 c.c. moist mitrogen at 19° and 748°2 mm. N = 15°45. 
C,3;H,CLN;O, requires N = 15°25 per cent. 


By subjecting the hydrazone to the action of alkalis at 100°, a com-. 
plete breakdown of the molecule ensued. 


Parr III. 


Attempts to prepare Nitromethylindoxazen. 
As has been shown, our attempts to prepare nitroindoxazen failed,. 


on account of molecular change. We thought this was due to the. 
presence of the hydrogen atom denoted in the formula by an asterisk 


NOvGH< Oy >N, and that if we replaced the hydrogen atom by 


the heavier methyl group, that is to say, if we subjected orthochloro- 
nitroacetophenoxime to the action of sodium carbonate, no such 
molecular change would occur, and an indoxazen derivative would be- 


obtained. 
NO,C,H;Cl-C(CH;):NOH = HCl + NO,C,H, <i N. 


Preparation of Orthochloracetophenone. 


Our first plan was to prepare this compound, nitrate it, and then 
convert it into the oxime. 

To prepare orthochloracetophenone, we allowed the chloride of 
orthochlorobenzoic acid to act on ethylic sodacetoacetate, and after- 
wards hydrolysed the product. For this purpose, the calculated 
quantity of ethylic acetoacetate having been weighed out, it was dis-. 
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solved in pure ether, and converted into the sodium compound, in a 
large flask furnished witha reflux condenser, and heated on the water 
bath. The acid chloride, dissolved in pure ether, was then run in 
‘drop by drop on to the sodium compound, the flask being well 
cooled meanwhile. After the addition of the chloride, the contents 
of the flask were heated for four hours on the water bath. 


C,;H,Cl-CO-Cl + CH;-CO-CHNa-COOC,H; = 


C)H,CICO-CE< 6050 i, + NaCl. 


The contents of the flask were then filtered, the residue well washed 
with ether, and the ether distilled off, when ethylic orthochlorobenzoyl- 
acetoacetate remained as a dark red oil. This was hydrolysed by 
heating it with five times its volume of a mixture of 1 part of sulph- 
uric acid and 2 parts of water for 3—4 hours, using a reflux con- 
denser. At first a strong evolution of carbon dioxide took place, but 
this gradually slackened, and its cessation marked the end of the 
reaction. Further heating causes rapid oxidation of the product, 
which to some extent occurs during the saponifying Jprocess. 


OH,ClCOCE< G90 cH, + 2H,0 = CH,COOH + C,H,-0H 


+ CO, + C,H,Cl-CO-CH;,. 


The product was distilled over with steam, washed with a dilute 
solution of sodium carbonate, and then extracted with ether. On 
distilling off the ether, the orthochloracetophenone remained behind 
as a colourless oil, which boiled at 235—24)° under ordinary atmo- 
spheric pressure, not, however, without sligat decomposition. The 
yield was bat small. 

Nitration.—The oil was not attacked by ordinary concentrated 
nitric acid, nor yet by fuming nitric acid in glacial acetic acid solution. 
However, by dissolving in concentrated sulphuric acid, and then care- 
fully dropping in the calculated quantity of fuming nitric acid, keep- 
ing the mixture at —10°, nitration occurred, but oxidation took 
place simultaneously, and the product was 1:2: 3-orthochloronitro- 
benzoic acid (m. p. = 162°). All the experiments on the nitration of 
this compound gave the same result. 


Preparation of Orthochloronitroacetophenone. 


We were able to prepare this compound by first nitrating ortho- 
-chlorobenzoic acid, converting the orthochloronit robenzoic acid into the 
chloride, allowing this to act on ethylic sodacetoacetate, and finally 
hydrolysing the product. The method used was analogous to that 
employed in the case of orthochloracetophenone. O rthochlorometa- 
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nitroacetophenone is a very thick, red syrup, which crystallises after- 
long standing. 

We found it impossible to prepare an oxime from this substance. 
First we tried the action of hydroxylamine hydrochloride and sodium: 
hydroxide in the cold, then at 100° (several hours heating on the 
water bath). Finally, we heated with alcohol and hydroxylamine: 
hydrochloride for 16 bours in a sealed tube at 130°. In all these 
cases, however, the orthochloronitroacetophenone remained entirely 
unaltered. This was probably due to the very negative character of 
the group C,H,NO,Cl. Our efforts, therefore, to prepare nitro- 
methylindoxazen were futile. 


In conclusion, the author begs to express his best thanks to Professor: 
Victor Meyer, for suggesting the foregoing work, and for the kindly 
interest he continually showed in it. ; 


Owens College, Manchester. 


XCIX.—Syntheses of Piazine Derivatives. Interaction of Benzylamine- 
and Phenacyl Bromide.* 


By Arruur T. Mason, Ph.D., F.I.C., and Gooptarre R. Winner, 
Ph.D., F.I.C, 


Theoretical Summary. 


During the last decade, the interaction of phenacyl bromide and amines. 
has several times been made the subject of detailed experimental 
investigation. E. Braun and Victor Meyer have shown that with 
ammonia the primary product is esoamidoacetophenone (Ber., 21,. 
1269). 


C,H,;-CO-CH,Br + 2NH; = C,H;'CO-CH,-NH, a NH,Br. 


This compound is a strong base, and very stable in acid solution.. If 
set free by soda, 2 mols. condense, 1 mol. H,O0 being eliminated, to- 
gether with 2 atoms of hydrogen, the product C,,H,,N.O being 
formed ; this in presence of ammonia loses another mol. H,O with 
formation of 2:5-diphenylpiazine. In order to explain these meta- 
morphoses, it is simplest to assume that, under the observed con- 


* From Dr, Winder’s “ Dissertation.” Ziirich, 1893. 
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ditions, esoamidoacetophenone acts in the desmotropic or psendo- 
form, C,.H;-C(OH):CH-NH, (von Baeyer, Ber., 16, 2189 ; P. Jacobson, 
Ber., 21, 2228, footnote; Michael, J. pr. Chem., 42, 19, 45, 581, 
and 46, 207; Rathke, Ber., 18, 3110, and 20, 1057; Bamberger, Ber., 
‘23, 1868). The formation of these compounds may then be explained 
by the following equation. 


CH——N; 'H H HO C CoH; _ 


C,H; C: OH a HN—CH 
C H N-C- C,H; 


| = 
HO + & + C.H,.COH ~~ H'N-CH 
CH-N-O-.H, 


C,H; C __N-CH 


H.O + 


Aniline reacts easily with phenacyl bromide, as Méhlau found (Ber 
14, 172 and 15, 2467), forming phenacylanilide. 


©,H;CO-CH,Br + 2C,H;-NH, = C,H;-CO-CH,NH-C,H; 
+ C,.H,;"NH;Br, 


and the tendency to the formation of an anilide is so great that when 
dimethylaniline and phenacyl bromide are brought together, a methyl 
group is eliminated, and phenacylmethylanilide formed. 


C,H,;-CO-CH,Br + 2C.H;-N(CHs). = 
C,H;'CO-CH,*N(CH;)-C,H; + C.Hs-N(CH;s)3Br. 


By warming with zine chloride, the anilides form indole derivatives 
‘by simple condensation with elimination of 1 mol. H,O (Staedel, Ber., 
21, 2197). 

CH- 


C.H;C(OH):CH:NH:C,H; = H,O + CHsC<o yy >NE. 


Indole derivatives are also obtained on heating the anilides with 
aromatic amines, but in this case the reaction is more complicated, 
the compounds formed not being identical with those obtained by the 
aid of zine chloride. The reaction can, however, be explained by 
assuming the formation of intermediate products (Staedel, loc. cit., 
and Bischler, Ber., 25, 2860). 


O.H,-CO-CH,-NH-C,H; + C,H;NH; = 


CHeCOH) <Q WOH, = be CK Gy > OH + 


C,H;° NH, ~ H,0. (Staedel.) 
C.H;C(OH):CH:NH-C,H; + C,H,NH, = 


‘NH: 
CHsCN Ge + HO. 
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OHOSaon = C.HC<Ct> 0H, + O.HyNE:. 


(Bischler.) 


The amine first combined with the phenacyl group is thus elimi- 
nated in the final reaction. In a subsequent paper, it will be shown 
by one of us that a second phenacyl group can be introduced into the 
phenacylanilide molecule, and that the diphenacylaniline thus obtained 

_reacts easily with amines, 2 mols. H,O being eliminated, and closed 
rings formed. 


CH:C(OH)-C,H; 


CeHsN<oH:0(0H)-C,8; + HN = 


CH:C(0,H, 
CHOC HN H. 


2H,0 + C.HsN< 


We find now that the interaction of phenacyl bromide and benzyl- 
amine is more complicated than either of the cases cited above, 
namely, with ammonia or aniline, for even when 2 mols. of benzyl- 
amine are used for 1 mol. of the bromide, both monophenacyl- and 
diphenacyl-benzylamine are formed. 


C,H;-CO-CH,-NH:CH,°C,H; and (C,H;-CO-CH,),N-CH,°C,H,. 


These compounds were isolated in the form of hydrobromides, and 
numerous experiments showed that on setting the bases free with 
alkali, a change takes place, and that the oils obtained can be but 
very partially reconverted into salts. 

Two molecules of the first base condense, with elimination of 2 mols. 
H,0, and 1: 4-dibenzyl- 2: 5-diphenylpiazine dihydride is formed, the 
condensation being ante to that of esoamidoacetophenone. 


CH:C(C,H,) 


2H,0 + C,H,;N< Cc C,H,):;cH> SCH 


On heating 1 : 4-dibenzyl- 2 : 5-diphenylpiazine dihydride to boiling, 
toluene is given off, and from the residue 2: 5-diphenylpiazine can be 
isolated, the compound being identical with that from esoamido- 

/ CH:C(C.Hs)\. 
acetophenone, Na C(G.H,):CH yn. 

The second base, diphenacylbenzylamine, on being set free, is in 
all probability converted, with the loss of 1 mol. H,O, into the 


oxasine O< Ot CECH Nol: (Ber., 22, 2081 and 2094). 
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On standing with cold alcoholic ammonia, the hydrobromide of 
diphenacylbenzlylamine is converted quantitatively into an amide, 
, :CH . ° 
NH-C(GH)-CH>N'CHy CH. which at 100° loses 1 mol. H,0, 
2: 6-diphenyl-4-benzylpiazine dihydride being formed. 


[OH —C(C.H)CB. wc on — Hye O(OH)CH. wie. 
IHEIN-C(C,H,):CH> OBO = BN< ocr y.cH > CHSC, 
+ HO. 


The same condensation takes place on warming the amide with 
dilute hydrochloric acid, the hydrochloride of the hydro-base being 
formed. 

The hydride, as also its hydrochloride, on continued heating, yields 
2: 6-diphenylpiazine, with elimination of toluene and benzylic 


-chloride respectively :— 
O(C.H):cH> OH = NGG cH’ + CBs 


((C,H,):CH /O(CcH,):CH\, 


HOrHN<¢(6,n,):cH > NO: = NOG G.H):CH 


HN< 


N + C,H,Cl 
+ E,. 
By the action of aniline on diphenacylbenzylamine hydrobromide, 
the synthesis of 1:2: 6-triphenyl-4-benzylpiazine dihydride was 
effected, 
Z OH:-C(C,H;):CH bs pat 
C.HsNH: + 94-0(0,H,):CcH> § OH: = 
w-C(CeHs):CHY 1, 

C.H; N<0(0,H,):CcH> C,H, + 2H,0, 
but owing to the difficulty experienced in preparing it in quantity, 
no further experiments were made with it. 

Benzylamine reacts easily at 120° with diphenacylbenzylamine 
-hydrobromide, 1 : 4-dibenzyl-2:6-diphenylpiazine dihydride being 
formed in approximately theoretical quantity, 


C,H,*CH.NH, oa OH-C\G HCH > NOs = 


CHYN< CGH) CH GH: + 2H0, 


and the more minute examination of its behaviour towards reagents 
revealed some very interesting molecular transpositions. On heating 
with concentrated hydrochloric acid in sealed tubes, two atoms of 
hydrogen’ are eliminated; the compound formed is devoid of basic 
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properties, and is not acted on by benzoyl chloride or acetic an- 
hydride, and, therefore, probably has the constitution 


N A C(CoHs):C(C, HA, 

\0(GeHs).C(C:H:)7 

On heating 1 : 4-dibenzyl-2 : 6-diphenylpiazine dihydride alone to 

260—270°, toluene is eliminated, the remaining benzyl group 

“wandering” from nitrogen to carbon, and 2: 6-diphenyl-3-benzy]- 
piazine being formed. 


ae -O(CF)CH ee _  /C(CoHs) == CH\ 
CH N<¢(¢,H,):cH> NCH = NCG(G.B,) CGH) 7 


N, 2: 6-Diphenyl-3 : 5-dibenzylpiazine. 


NH:C,Hg. 


Lastly, on treatment with alcoholic ferric chloride and hydro-. 
chloric acid, the dihydride parts with one benzyl group as benzyl 
chloride, and the hydrochloride of the same piazine hydride is formed 
which was obtained directly from amidodiphenacylbenzylamine by 
warming it with dilute hydrochloric acid, namely, 2: 6-diphenyl- 
4-benzylpiazine dihydride, HN<C(C+Hs):CHS, w.c,H,, 

, C(C,H;):CH rc 

In the above general view of the action of benzylamine on phenacy} 
bromide, almost exclusive use has been made of the desmotropic or 
pseudo-formula, with hydroxyl radicles, and we are of the opinion 
that this formula gives a very plausible explanation of the reactions 
observed. We do not assert that the hydroxyl formula represents 
the true constitution of these compounds when in a state of chemical 
inactivity, and it is quite possible that reactions may be discovered 
which necessitate the use of the ketone formula. We hoped to obtain 
valuable evidence in this direction by the preparation of oximes and 
hydrazones, but our efforts have hitherto been fruitless. 

It is almost superfluous to state that the whole research forms 
another weighty argument for the existence of the “ para-bond ” in 


true piazines. 


Preparation of Mono- and Di-phenacylbenzylamine. 


The reaction is best conducted in alcoholic solution, an excess of 
amine being avoided, otherwise, as it is a stronger base than either of 
the products formed, it will combine with the hydrogen bromide formed 
during the reaction, at the expense of the other two compounds; in 
this way a mixture of the bases will be formed which can only be 
incompletely converted into the corresponding salts. 

53 grams (1 mol.) of benzylamine and 100 grams (1 mol.) of 
phenacyl bromide are separately dissolved in alcohol, and the solu- 
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tions mixed, the total quantity of alcohol used being about 400 c.c. 
The solution gradually becomes hot and dark, acquires a reddish- 
brown colour, and, on standing over night, the diphenacylbenzyl- 
amine hydrobromide separates almost completely in small, white 
needles. The salt is collected with the aid of the water pump, 
washed well with alcohol, and then with lukewarm water, until a few 
drops of the filtrate leave no residue on evaporation; the salt, which 
has become slightly yellow, is then washed again with alcohol until 
white, and dried on porous plates. In some of the experiments made, 
the crude product seemed to be quite free from monophenacylbenzy]- 
amine hydrobromide, whereas in others a very appreciabie quantity 
was removed by the warm water, the salt separating again from the 
filtrate in long needles. The brown filtrate from the diphenacy]l- 
amine salt is evaporated on the water bath to a small bulk, and 
allowed to cool, all the mono-salt and the greater part of the benzyl- 
amine hydrobromide separating in the crystalline form. The 
mass is crushed in a mortar, collected by the aid of the pump, and 
washed with benzene and light petroleum until the filtrate is colour- 
less. After drying on a porous plate, it is redissolved in as small a 
quantity of boiling water as possible, when a small amount of 
diphenacylbenzylamine salt remains undissolved, and can be filtered 
off hot, and washed with a little hot water. The hot filtered solution 
deposits the mono-salt, on standing, in the form of long, white 
needles, which are collected and washed with a small quantity of cold 
water. On working up the mother liquors, another small amount of 
the mono-salt can be recovered, and by evaporating the filtrate to 
dryness and extracting with benzene until the residue is nearly 
white, the greater part of the benzylamine hydrobromide can be 
recovered. Working by this method, the yield of the respective salts 
was as follows. 


Diphenacylbenzylamine hydrobromide.... 51 grams. 
Monophenacylbenzylamine hydrobromide.. 25 __,, 
Benzylamine hydrobromide...... eccrcces -_ 


Monophenacylbenzylamine Salts. 


The hydrobromide, C,sH,;,NO,HBr, obtained as above, crystallises 
from water and alcohol in long, white needles. The melting point of 
the salt, from water, is 202—203°, and of that from alcohol, 201—202°. 
For analysis, it was dried over sulphuric acid. 


01628 gave 0°350 CO, and 0°0856 H,O. C = 58°63; H = 5°84. 
02180 ,, 01343 AgBr. Br. = 26°21, 

02358 ,, 95 c.c. moist nitrogen at 20°and 721mm. N = 4°39. 
C,;H,;NOBr requires C = 58°82; H = 5:23; N= 457; Br = 26-14p.c. 
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It is only sparingly soluble in cold water, but easily in hot, and 
also in hot alcohol, On boiling it with dilute nitric acid, and allowing 
the clear solution to stand, benzoic acid melting at 119° separates. 

Hydrochloride, C;sH;;sNO,HCl.—Concentrated hydrochloric acid s 
evaporated repeatedly on the water bath with the pure hydrobromide 
until the needles are converted into small, white plates ; after the pro- 
duct has been recrystallised twice from alcohol, from which it also 
separates in plates, it melts at 215°. A chlorine determination, in a 
sample dried over sulphuric acid, was made. 

0'2183 gave 0°1203 AgCl. Cl = 13°60. 

C,sH,,NOCI requires Cl = 13°54 per cent. 

It is sparingly soluble in cold water or alcohol, easily in hot water, 
and very easily in hot alcohol. 

Platinochloride, (C,;H,s;NO)2,H,PtCl,—The hydrochloride is dis- 
solved in as small a quantity of hot water as possible, a few drops of 
concentrated hydrochloric acid added, and then excess of hot aqueous 
platinic chloride. The salt separates immediately in small, orange 
crystals. The air dried salt was analysed. 


0°1612 gave 0°0363 Pt. Pt = 22°52. 
01512 ,, 0°0341 Pt. Pt = 22°55. 
01070 ,, 0-0241 Pt. Pt = 22°52. 
01541 ,, 01546 AgCl. Cl = 2411. 
(C,sH,;NO).,H,PtCl, requires Pt = 22°69; Cl = 24°71 per cent. 


The salt does not lose weight when heated at 110°, but at 120° 
gradual decomposition takes place. It is moderately soluble in hot 
water and hot alcohol. 

Sulphate, C,sHisNO,H,SO,—The hydrobromide was gradually 
added to about twice its weight of concentrated sulphuric acid ina 
porcelain basin, stirring well all the time; streams of hydrogen 
bromide were evolved, and the mixture assumed a reddish colour. 
It was then heated on the water bath until a drop of the liquid dis- 
solved in water gave no precipitate with silver nitrate; the brown 
liquid thus obtained was diluted with water and filtered. On standing, 
the salt was deposited in glistening, prismatic needles which became 
colourless on recrystallisation. It was dried over sulphuric acid for 
analysis. 


0°1270 gave 0°0965 BaSO,. S = 10°43. 
01290 ,, 00930 BaSOQ,. S = 9°90. 
C,;H,;NO,H,SQ, requires S = 9°91 per cent. 
The salt is moderately soluble in cold water, and insoluble in 
alcohol. 
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Picrate, C,sH\sNO,C.H:(NO,);-OH.—Solutions of the bydrobromide 
and picric acid in boiling alcohol were mixed and heated for 10 
minutes on the water bath and allowed to cool; the long, glistening, 
yellow needles which separated were recrystallised from alcohol, when 
they melted at 151—152°. For analysis, the compound was dried 
over sulphuric acid. 


0°1767 gave 20 c.c. moist nitrogen at 16° and 714mm. N = 12°38, 
01963 ,, 2cc. ,, = 147° and 712mm. N = 12-29. 
C,;H,;sNO,C,HANO,),OH requires N = 12°33 per cent. 


The compound is easily soluble in hot alcohol, but only sparingly 
in benzene and toluene, and insoluble in ether or light petroleum. 


Monophenacylbenzylamine. 


If the pure hydrobromide is mixed with alcohol, and soda solution 
added, the salt dissolves with a yellow coloration on shaking; and on 
the addition of water, an oil is precipitated, which is for the greater 
part soluble in hydrochloric acid. It was washed with water, taken 
up with ether, the ethereal solution dried with solid soda, and the 
ether distilled off, when a thick, transparent, reddish-brown oil 
remained; this, however, even on long standing, did not show any - 
signs of crystallisation. It had a characteristic sweet and penetrat- 


ing smell, and was easily soluble in alcohol, ether, and benzene. It 
was found, however, that it was only very sparingly soluble in boiling, 
dilute hydrochloric acid, a semi-solid mass remaining which contained 
1 : 4-dibenzyl-2 : 5-diphenylpiazine dihydride (see below). The fact 
that the freshly precipitated base is far more easily soluble in acid 
shows that monophenacylbenzylamine is very unstable, 2 mols. con- 
densing with formation of an indifferent product. 


1 : 4-Dibenzyl-2 : 5-diphenylpiazine Dihydride, 
w_-CH:C(C.Hs)~ x, 
C,H, N<0(6,H,):CH> C,H, 

Monophenacylbenzylamine hydrobromide was heated on the water 
bath with concentrated soda solution for three quarters of an hour; 
the reddish-brown oil thus formed, after being washed with hot water, 
became very thick on cooling. It was dissolved in hot alcohol, and 
the solution allowed to stand over night, when bright yellow needles 
separated in small quantity; these melted at 163° after recrystallisa- 
tion from the same solvent. The compound was dried at 100° and 
analysed. 

0°1392 gave 0°4424 CO, and 0:0774 H,O. C = 86-67; H = 610. 

0°1022 ,, 6 c.c. moist nitrogen at 13° and 720mm. N = 6°57. 

CyHN; requires C = 86°95; H = 6:28; N = 6°76 per cent. 
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A determination of the molecular weight by Raoult’s method gave 
the following results. 
I. II. 
Weight of substance taken... 01821 grams. 0°4729 grams. 
Weight of phenol es 15°36 - 
_ Observed depression ; 0°581° 
Molecular weight found.... 402 
Theory for CyH»N, 


The compound is easily soluble in ether, benzene, and toluene in the 
cold, moderately in hot alcohol, but only sparingly so in cold alcohol 
or light petroleum. It is not affected by concentrated hydrochloric 
acid, but dissolves in cold concentrated sulphuric acid, giving a 
yellow solution, which turns brown on warming; on adding water, 
the original compound is precipitated, but much darker in colour, 
The yield is a bad one, only 3 grams being obtained from 25 grams 
of the hydrobromide. We thought that this might be due in some 
measure to an inner condensation with formation of an isoquinoline 
derivative, but our efforts to isolate such a product were futile. 


/CH:0(C.Hs)\, 
\O(GcHs):CH/ 


3 grams of 1: 4-dibenzyl-2 : 5-diphenylpiazine dihydride were 
carefully heated over a naked flame in a small test tube, the open end 
of which had been drawn out and bent, so as to form a very small 
retort. Shortly after the melting point had been reached, a lively 
ebullition set in, the colour changed from intense yellow to light 
brown, and a small quantity of a yellow liquid distilled over. The 
distillate was rectified, and gave 0°14 gram of a colourless, mobile, 
highly refractive liquid distilling at 110°, and possessing the charac- 
teristic smell of toluene. : 

The light brown residue, on cooling, solidified to a crystalline mass, 
which, after washing with alcohol, was recrystallised from the same 
solvent. 0-6 gram of small, pinkish plates were thus obtained, the 
melting point being 192—193°. For analysis the substance was dried 
at 100°. 

0°1265 gave 0°3833 CO, and 0°0612 H,O. C = 82°63; H = 5:37. 

02135 ,, 23 c.c. moist nitrogen at 19°5° and 718 mm. N = 11°62. 

CyH,,N; requires C = 82°76; H = 5°17; N = 12°06 per cent. 


N. 


2: 5-Diphenylpiazine, N 


The compound is only sparingly soluble in the ordinary solvents. 
The melting point we found 1° lower than that given by Braun and 
Meyer (Ber., 21, 1279), and in order to establish the identity of the 
product the following experiments were made. 
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On heating in a small glass tube, a yellow, crystalline sublimate 
was formed. The compound was insoluble in dilute hydrochloric 
acid, soluble in the concentrated acid on heating, and reprecipitated 
by water; the solution in concentrated acid deposited fine yellow 
needles on standing. Sulphuric acid also dissolved the compound 
with a reddish-yellow colour, and water precipitated it again unaltered. 
These are all characteristic reactions for the 2 : 5-diphenylpiazine 
obtained by Braun and Meyer (loc. cit.) directly, by the condensation 
of 2 mols. of esoamidoacetophenone in presence of ammonia. 


H.N-CH:C(C.H,)OH — . /CH:C(C.H)\ 
OH-C(C,H,):CH-NH, = “\o(G,Hy:cHZ' + 20:0 + H, 


so that there cannot be the least doubt as to the identity of the com- 
pound. 


Dipbenacylbenzylamine Salts. 


The hydrobromide, C,,3H.NO,,HBr, was recrystallised from boiling 
alcohol, in which it is sparingly soluble; it forms small, white needles 
melting at 196—197°. For analysis, it was dried over sulphuric acid. 


0°1076 gave 0°2570 CO, and 0°0511 H,O. C = 65°14; H = 5°27. 

02087 ,, 00924 AgBr. Br = 18°84, 

01194 ,, 35 c.c. moist nitrogen at 18°5° and 721mm. N = 3:20. 

C.H,NO,,HBr requires C = 65:09; H = 519; N= 330; Br= 
18°86 per cent. 


The salt is decomposed by continued boiling with water. 

Hydrochloride, C;H,NO,,HCl.—Concentrated hydrochloric acid 
was evaporated repeatedly on the water bath with the pure hydro- 
bromide. The product was washed well with cold water, and re- 
crystallised twice from hot alcohol, from which it separated in white 
needles melting at 189—190°. The salt was dried over sulphuric 
acid and analysed. 

0°1556 gave 0°0611 silver chloride. Cl = 9°63. 

Cy H,,NO,,HCl1 requires Cl = 9°33 per cent. 


It is partially soluble in hot water with decomposition, and easily 
in hot alcohol. 

Platinochloride, (C23H2,NO:2)2,H;PtCl¢.—To a hot alcoholic solution 
of the hydrochloride acidified with concentrated hydrochloric acid, 
excess of alcoholic platinic chloride was added, and the solution 
allowed to stand. The double salt separated in large, shining, yellow 
plates. The air dried salt was analysed. 


0°2902 gave 0°0515 Pt. Pt = 17°74. 
(C.sHNO;)2,H,PtCl, requires Pt = 17°80 per cent. 


oO 
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It is insoluble in alcohol, water, and aqueous hydrochloric acid, but 
moderately easily soluble in alcoholic hydrochloric acid. 


Diphenacylbenzylamine. 


The behaviour of the base is very similar to that of monophenacy]l- 
benzylamine. On setting it free with soda, it forms a light brown, 
thick oil, soluble in hydrochloric acid; after extracting with ether, 
however, drying the ethereal solution, and removing the ether by dis- 
tillation, a thick, red, transparent oil is obtained, which is not soluble 
in hydrochloric acid, and which, in all probability, contains the 
oxasine <6 CH) :CH>N Col 
It is easily soluble in alcohol, ether, and benzene. 


Action of Ammonia on Diphenacylbenzylamine Hydrobromide. Amido- 
, .. OH-C(C,H;):CH 
diphenacylbenzylamine, NHC : OHS: cH>N'C:H 


Ten grams of the hydrobromide were added quickly to a 15 per 
cent. solution of alcoholic ammonia, which had been previously 
cooled in ice-cold water, and well shaken until the salt had entirely 
dissolved. After standing a short time, the amido-compound began 
to separate from the yellow solution in pale-yellow, well-formed 
tables, and in 12 hours the separation was complete. The product 
was collected by the aid of the pump, and washed with cold alcohol ; 
it cannot be recrystallised without considerable loss, but, as the analyses 
show, the product is pure. The yield is almost quantitative. The 
melting point is not sharp; it darkens at 65°, begins to sinter at 70°, 
and is completely melted at 80°. The substance was dried over 


sulphuric acid and analysed. 


0°1217 gave 0°3613 CO, and 0:0702 H,O. C = 80°96; H = 6°40. 

01656 ,, 04903 » 00985 ,, C= 80°74; H = 6°60. 

01491 ,, 11°3c.c. moist nitrogenat 18° and 720mm. N = 8°28. 
C.H»N.O requires C = 80°70; H = 648; N = 8:18 per cent. 


The compound is moderately soluble in cold alcohol, easily in hot, 
and also in cold ether, benzene, and toluene, but insoluble in water. 

On standing several weeks in a desiccator, or closed tube, the sub- 
stance darkens very much, and becomes semi-fluid, owing to inner 
condensation, with elimination of water, 4-benzyl-2 : 6-diphenyl- 
piazine dihydride being formed (see below). 

Platinochloride, (C23H»N.O)2,H:PtCl, + 3H,0.—On dissolving the 
amide in alcohol, a yellow solution is obtained, which, on the addition 
of concentrated hydrochloric acid, turns dark-red. Alcoholic platinic 
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chloride gives no precipitate in this solution, but if water be after- 
wards added, a deep violet platinum salt separates. The amide also 
dissolves in dilute hydrochloric acid, with a dark-red colour, and 
aqueous platinic chloride precipitates from such a solution the same 
salt as above. It was collected, washed with water, and dried on a 
porous plate ; after standing 24 hours, it formed a dark-violet, amorph- 


ous powder. 


0°1211 gave 0°0102 H,0 at 110°, and on ignition 0°0202 Pt. H,O = 
8:42; Pt = 16°68. 

0°1109 gave 0°0202 Pt. Pt = 1821. 

(Cx3H»2N,0).,H,PtCl, + 3H,0 requires H,O (5 mols.) = 7°84. Pt = 
17:00 per cent. (CysH»N2)2,H,PtCl, requires Pt = 18°44 per cent. 


The salt, on drying at 110°, changes from violet to yellow, and the 
numbers given above show that not only the water of crystallisation 
‘is eliminated at that temperature, but that the inner condensation 
to the piazine derivative also takes place, the yellow salt being the 
platinochloride of 4-benzy]-2 : 6-diphenylpiazine dihydride (see below), 
and the violet one the platinochloride of the amide. This condensa- 
tion seems to take place slowly at ordinary temperatures, the violet 
salt gradually becoming lighter in colour on the surface. 


4-Benayl-2 : 6-diphenylpiazine Dihydride, NEC oi): CH> Cr: 


The amide described above was heated in a test tube partly im- 
mersed in a paraffin bath; when the temperature of the latter had 
risen to about 90°, the compound melted to a dark-red, opaque liquid, 
small glass bubbles rose to the surface, and water began to condense 
in the upper part of the tube; the water was removed with a coil of 
filter paper. At 120—130°, the liquid became transparent, and from 
that temperature up to 140—150°, also lighter in colour; when no 
more water condensed in the tube, the reaction was complete. On 
cooling, the product formed a transparent, semi-solid mass of a light 
red colour. It is not advisable to heat higher than 150°, us toluene 
then begins to distil and 2: 6-diphenylpiazine is formed (see below). 
The dihydride is insoluble in water, sparingly soluble in light petr- 
oleum (35—55°), moderately in hot alcohol, and easily in ether or 
benzene. As the compound could not be obtained in a form suitable 
for analysis, the action of acetic and benzoic anhydride was studied, 
but in both cases dark-coloured, semi-solid masses were obtained, 
from which nothing crystalline could be isolated. By the action 
of benzylic chloride on the hydride, we hoped that it would be 
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possible to prepare 1:4-dibenzyl-2:6-diphenylpiazine dihydride, 
GH,N <OfOHCH> N-C,H,, which we afterwards obtained directly 
from diphenacylbenzylamine and benzylamine, but in place of that 
compound we obtained a mixture of two very stable substances, 
5-benzyl-2 : 6-diphenlypiazine and 3: 5-dibenzyl-2 : 6-diphenylpiazine, 
which also came under our notice at a subsequent stage of the 
research, and which are formed by a highly interesting molecular 
transposition of the product we hoped to obtain, in which the benzyl 
radicles “wander” from nitrogen to carbon. Both compounds are 
fully described later on, so that it is unnecessary to enter into detail 
here. 

Hydrochloride, C.;H»N2,HCl + 3H,0.—The semi-solid dihydride 
dissolves in dilute hydrochloric acid forming a deep-red solution, 
which, on warming for some time on the water bath, loses most of its 
colour, becoming pale-yellow ; on cooling, the hydrochloride separates 
out in pale-yellow needles. After one recrystallisation from water 
containing a little free acid, they are quite pure, and melt at 193° to 
a pale yellow liquid. After standing several days over soda, the salt 


was analysed. 


0:1800 gave 0°0612 AgCl. Cl = 8:39. 
02029 ,, 0°0272 H,O on drying at 110°. H,O = 13°45. 
CyHoN,,HCl + 3H,0 requires Cl = 8:54; H,O = 13:03 per cent. 


The salt is easily soluble in cold alcohol and hot dilute hydrochloric 
acid. 

Platinochloride, (C2sHN2)2,H2PtCls—The hydrochloride was dis- 
solved in hot water containing free hydrochloric acid, and excess of 
aqueous platinic chloride added. The double salt separated imme- 
diately as a bright orange, crystalline powder. The salt was dried 
over sulphuric acid and analysed. 


03267 lost 0°0017 on drying at 110°, and gave on ignition 0°0597 Pt, 
Pt = 18°36. 
(CrsHoN3)2,H,PtCl, requires Pt = 18°44 per cent. 


The above loss of 0°0017 gram water is equivalent to 0°5 per cent. ; 
theory for 1 mol. H,O = 1°6 per cent. In the calculation of the 
platinum the loss at 110° was subtracted from the amount of salt 
taken. 

During the- platinum estimation, a liquid condensed on the lid of 
the crucible; on cooling, it solidified, and gave the melting point 
85—87°, that of 2 : 6-diphenylpiazine. 
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an: = / C(C.Hs)-CH\, 
2 : 6-Diphenylpiazine, Be G(G.H,):CH a : 


This base may be prepared either directly from 4-benzyl-2 : 6.di- 
phenylpiazine dihydride or from the hydrochloride. 

Preparation from the Dihydride—The thick, red oil obtained by 
heating amidodiphenacylbenzylamine to 150° was heated in a test 
tube over a small, free flame. A lively ebullition soon set in, and the 
liquid became much paler in colour; the toluene given off condensed 
in the upper part of the tube, and was removed by a roll of filter 
paper. After cooling, a little alcohol was added, the mixture warmed 
until everything was dissolved, then cooled again, and the sides of the 
tube vigorously rubbed with a glass rod until crystals began to 
separate; or, if the compound was already to hand, it was found 
better merely to add a few crystals and allow the mixture to stand. 
The crude product thus obtained when recrystallised from a small 
quantity of alcohol, formed small, white needles. In this method of 
preparation, it is important that the heating be quickly performed, 
otherwise the piazine only separates in small quantity from the alco- 
holic solution, and on long standing; in normal experiments, how- 
ever, the yield was satisfactory. 

Preparation from the Hydrochloride.—The salt was heated in a test 
tube immersed in a bath of Wood’s metal; at 190—200°, the hydro- 
chloride melted to a yellow liquid, and the characteristic smell of 
benzylic chloride was noticed. The bath was gradually heated to 
210°, and kept at that temperature for about 15 minutes, the benzylic 
chloride being taken up with filter paper. The product was a 
reddish-brown oil, which, on cooling, solidified to an almost white, 
crystalline mass; it was washed with a little alcohol, and then re- 
crystallised from the same solvent. 

Both preparations melted at 88—89°, and, after drying over sulph- 
uric acid, were analysed. 

I. From the dihydride. 


0°1385 gave 0°4207 CO, and 0:0657 H,O. C = 82°84; H = 5°24. 
01011 ,, 11'2c.c. moist nitrogen at 15°and 717 mm. N = 12°22. 


II. From the hydrochloride. 


0°1326 gave 0°4009 CO, and 0°0652 H,O. C = 82°45; H = 5°46. 
0°1309 ,, 145 c.c. moist nitrogen at 18° and 720mm. N = 12°11. 
C,-H,,N, requires C = 82°76; H = 5:17; N = 12°06 per cent. 


The base is insoluble in water, moderately soluble in cold alcohol 
and light petroleum, and very easily in ether, benzene, and toluene. 
If comparatively large quantities of the compound are allowed to 


1369 


SYNTHESES OF PIAZINE DERIVATIVES. 


crystallise slowly from dilute alcohol, glistening, white needles can 
be obtained, over an inch in length. When heated to boiling with 
dilute hydrochloric acid, the piazine simply melts, but, on adding 
concentrated acid and heating again, the oil solidifies, with formation 
of the hydrochloride. The base dissolves in cold sulphuric acid with 
an orange-yellow colour, which becomes deeper on warming; the 
addition of water gives a white precipitate of the unaltered substance. 

The molecular weight of the base was determined by Raoult’s 
method in phenol, the following numbers being obtained. 


I. II. 
Weight of substance taken.... 0°3040 grams 0°7703 grams. 
Weight of phenol............ 19°27 - 19°27 i 
Observed depression ......... 0°54° 1:37° 
Molecular weight found...... 222 222 
Theory for C\H.Ns....... coccccccces 208 


All three of the diphenylpiazines indicated by theory are now known. 
The 2: 3-compound was prepared by one of us by the action of ethyl- 
enediamine on benzil (Trans., 1889, 55, 99), and 2 : 5-diphenylpiazine 
was prepared from esoamidoacetophenone directly, as also from 
monophenacylbenzylamine, by methods described at the beginning of 
this paper. 

Platinochloride, (CisH,2N2z)2,H,PtCl,—The base was dissolved in a 
small quantity of alcohol, concentrated hydrochloric acid added, and 
the hot solution mixed with excess of alcoholic platinic chloride. The 
double salt separated quickly in golden-yellow scales, which were 
collected and washed with alcohol and ether. The salt was dried at 


100° for analysis. 


0°1876 gave on ignition 0°0416 Pt. Pt = 22:17. 
(CieHi2N2)2,H2PtCl, requires Pt = 22°25 per cent. 


It is insoluble in water and hydrochloric acid, and only sparingly 
soluble in alcohol. 


Action of Benzylamine on Diphenylacylbenzylamine Hydrobromide. 
1: 4-Dibenzyl-2 : 6-diphenylpiazine Dihydride, 


w/C(C.Hs):CH\ x, 
C;H, BE C(C,H,):CH ON C;H;. 


A mixture of 36 grams of diphenacylbenzylamine hydrobromide 
(1 mol.) and 18 grams of benzylamine (2 mols.) was heated in a flask 
immersed in a paraffin bath. The salt turned yellow in contact with 
the amine, and, on heating, the colour deepened to orange-red. The 
temperature was raised to 120—130°, water condensing in the upper 
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part of the flask and the salt gradually dissolving to an orange-red 
solution; the heating was continued .until the formation of bubbles 
in the liquid and the evolution of water had ceased. On cooling, the 
product formed a semi-solid, orange-yellow mass ; this was digested 
with cold ether, the solution filtered from the undissolved benzyl. 
amine hydrobromide formed during the reaction, and the greater part 
of the ether removed by distillation. The concentrated ethereal 
solution thus obtained was mixed with two or three times its volume 
of alcohol, and allowed to stand. The intensely yellow, crystalline 
mass which separated was recrystallised from alcohol, when small, 
bright yellow, semi-transparent cubes were obtained, melting at 86°. 
For analysis, the substance was dried over sulphuric acid. 


0°1637 gave 0°5233 CO, and 0°0934 H,O. C = 87:18; H = 638. 
01767 ,, 1lc.c. moist nitrogen at 19° and 719mm. N = 6°67. 
CyoH»N, requires C = 86°95; H = 6:28; N = 6°76 per cent. 


The compound is very easily soluble in cold ether, benzene, and 
toluene, moderately so in hot alcohol, sparingly in the cold, sparingly 
in light petroleum, and insoluble in water. With hot concentrated 
hydrochloric acid, it gives a beautiful, crimson coloration, intensified 
by the presence of alcohol; this changes, however, to the original 
intense yellow colour, on the addition of water. The compound dis- 
solves in warm sulphuric acid with a yellow coloration, and, on adding 
water, a brownish-red precipitate is formed. 

Platinochloride, (CysoHN2)2,H,PtCl + 5H,O.—This base was dis- 
solved in hot alcohol with the addition of hydrochloric acid, the deep 
red solution cooled,and aqueous platinic chloride added ; the amorph- 
ous, reddish-brown precipitate was collected on a filter, washed with 
water, and dried on a porous plate. When dry, the product formed 
a rich, carmine powder. The air-dried salt was analysed. 


0°1930 gave 0°0281 Pt. Pt = 14°55. 
02000 ,, 00294 Pt. Pt = 14°70. 
(CsoHeN2)2,H,PtCl, + 5H,0 requires Pt = 14°68 per cent. 


The water of crystallisation could not be estimated; on heating in 
the benzene bath, the salt became paler in colour, and gave up water 
very gradually, but no constant’ weight was attained, even on heating 
for several days. At higher temperatures, the salt undergoes decom- 
position. 

The compound dissolves sparingly in hot alcohol with a yellow 
colour, more easily in presence of free hydrochloric acid, giving a red 
solution. On boiling with water, the salt melts, but does not 
dissolve. 
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Molecular Transpositions of 1: 4-Dibenzyl-2 : 6-diphenylpiazine Di- 
hydride. Action of Hydrochloric acid. 3: 5-Dibenzyl-2 : 6-di- 
bets C(C,H;):C(C,H:;)\. 
zine, NZ ~\Vers ; 
phenylpiazine, N—G(C.H,):C(CG;H)7 


The above dihydride, when heated under pressure with concen- 
trated hydrochloric acid, behaves in quite a different manner from 
its isomer 1 : 4-dibenzyl-2 : 5-diphenylpiazine dihydride, for whereas 
the latter, as already shown, easily gives up both benzyl groups in 
the form of toluene, and yields 2: 5-diphenylpiazine, the former 
undergoes a molecular change, the benzyl groups being retained in 
the molecule, and only 2 atoms of hydrogen being eliminated. This 
behaviour recalls that of the formation of toluidine and xylidine by 
heating the hydrochlorides of monomethyl- and dimethyl-aniline at 


300°. 
C.Hs‘N(CHs)2 gives CH;-C;HyNH-CH; and C,H;(CH;),.*N Hp. 


On opening the tubes, after heating for several hours at 170°, a 
colourless gas escaped which burnt with a yellowish flame; the 
product formed was a transparent, brown, sticky mass, which became 
crystalline on stirring well with alcohol. It was collected on a filter, 
and recrystallised from boiling alcohol, from which it separated in 
small, almost colourless plates. The mother liquors turned dark 
olive-green on standing, but nothing further could be isolated from 
them. For analysis, the preparation was dried at 100°. 


0'1333 gave 0°4269 CO, and 0°0726 H,O. C = 87:34; H = 6°05. 

01650 ,, 05282 ,, 00862 ,, C = 87°30; H = 5°80. 

01361 ,, 88c.c. moist nitrogen at 20°and 727mm. N = 7:07. 
Cs5oHN, requires C = 87:37; H = 5°82; N = 6°80 per cent. 


The melting point of the compound was 146—147°. It is insolu- 
ble in water and light petroleum, only sparingly soluble in boiling 
alcohol, but easily in cold ether, benzene, and toluene. It dissolves. 
in sulphuric acid with a yellow coloration which becomes darker on 
warming; water precipitates the substance unaltered. As the analyses 
show, the compound contains 2 atoms of hydrogen less than the 
parent substance, and, on examining the formule, it is easily seen 
that the only probable explanation is to be found in a “‘ wandering ” 
of the two benzyl groups from nitrogen to carbon, and the closing of 
the para-bond between the nitrogen atoms. In accordance with this 
view, the compound is not attacked by acetic anhydride or benzoic 
chloride. A molecular weight determination by Raoult’s method in 
phenol gave the following numbers. 
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I. IT. 
Weight of substance taken.... 0°2565 grams 0°831 grams 
Weight of phenol e 1456 ___,, 
Observed depression ‘ 1°160° 
Molecular weight found 374 
Theory for CyHyN, 


m - Adi ‘azine, NZC(CeHs):C(C:H)\ 
5-Benzyl-2 : 6-diphenylpiazine, BC G(G.H,) CH 


On heatirz 1 : 4-dibenzyl-2 : 6-diphenylpiazine dihydride at 
260—270°, one of the benzyl groups is eliminated as toluene, and the 
remaining one very probably changes its position from nitrogen to a 
neighbouring carbon atom. 

Numerous experiments were made, using various quantities of 
dihydride, but the yield was most erratic even when apparently 
exactly the same conditions were observed. We will describe two of 
the trials which gave the best results. 

Four grams of dihydride were heated in a test tube over a small 
free flame, and when all had melted, a thermometer was introduced. 
The temperature rose rapidly to 260—270°, and remained constant 
for a short time, a brisk evolution of toluene taking place. A 
gradual rise of temperature then set in, the liquid becoming very 
pale, and on continued heating until the thermometer registered 
330°, a change of colour was observed, the product becoming light 
brown. The flame was then withdrawn, and on cooling and stirring 
well with a glass rod, the mass solidified, and had a strong odour 
of mushroom. The product was stirred with alcohol, collected, and 
recrystallised from the same solvent, The yield was 1:4 grams. 

Five grams of dihydride were heated for 10 minutes at 260—270°, 
the product allowed to cool, and then stirred well with alcohol. The 
yield was 3 grams (theory 3°53). In a subsequent experiment, made 
in apparently exactly the same way, only 0°6 gram was isolated. 

After recrystallising several times from alcohol, the compound 
formed a white, crystalline powder melting at 95°. The sample used 
for analysis was dried over sulphuric acid. 


0°1013 gave 0°3186 CO, and 0°0530 H,O. C = 85°77; H= 5°81. 

01018 ,, 03209 ,, 00530 ,, C = 85:97; H = 5°78. 

071232 ,, 95 c.c. moist nitrogen at 17° and 726mm. N = 855. 
C,3H,,.N, requires C = 85°71; H = 5°58; N = 8°69 per cent. 


The compound is insoluble in water and light petroleum, easily 
soluble in hot alcohol, only sparingly in the cold, but very easily in 
cold ether, benzene, or toluene. It is very sparingly soluble in con- 
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centrated hydrochloric acid, and is reprecipitated by water. Con- 
centrated hydrochloric acid does not decompose it at 170°, even after 
10 hours’ heating, and it is not affected by acetic or benzoic anhydride. 
The boiling point of the compound lies above 400°. 

It dissolves in cold sulphuric acid with a yellow coloration, which 
remains on heating ; the addition of water gives a white precipitate 
of the unaltered substance. The molecular weight determination 
gave the following numbers. 


I. IT. 
Weight of substance taken.... 02144 grams 0°6181 grams 
Weight of phenol............ 14°53 ° 14°53 ” 
Observed depression ......... 0°370° riw’ « 
Molecular weight found ...... 303 291 
Theory for CoHigNe «1.2... eee cece cee 322 


The stability of the compound when heated with hydrochloric acid 
at 170°, the analyses, the molecular weight, and the indifference 
towards acetic and benzoic anhydrides is all evidence in favour of the 
above formula. 


Action of Ferric Chloride on 1 : 4-Dibenzyl-2 : 6-diphenylpiazine Di- 
hydride in presence of Hydrochloric acid. Hydrochloride of 4- 
Benzyl-2 : 6-diphenylpiazine Dihydride, 

C(C,H;):CH 
HOLEN<6\6'H);CH > NC. 

Five grams of the dihydride were dissolved in about 50 c.c. of 
alcohol and 10 c.c. of concentrated hydrochloric acid; to the deep 
red solution, 5 grams of sublimed ferric chloride dissolved in 20 c.c. 
of alcohol were added, and the mixture bviled for half an hoar on 
the water bath. On evaporating to dryness, a strong smell of 
benzylic chloride was noticed, the residue forming a black, crystal- 
line mass; this was taken up with about 50 c.c. of alcohol and a few 
drops of hydrochloric acid, and mixed in a flask with 1 litre of hot 
water. Steam was then passed in until the smell of benzylic chloride 
had disappeared, and after standing a few minutes, the solution was 
decanted on to a plaited filter in a hot-water funnel. The residue 
was heated with more water, and the solution filtered into the 
first portion. The filtrate had a reddish colour, and deposited the 
hydrochloride in brown needles on standing. This was purified by 
dissolving it in water, when a small quantity of a brown, amorphous 
powder remained behind, filtering, and allowing to stand. Long, 
pale yellow needles were thus obtained, identical in every respect 
with the salt prepared directly from 4-benzyl-2 : 6-diphenylpiazine 
dihydride in the manner already described. The yield was 4°5 grams. 
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For analysis, it was recrystallised once more from water acidified 
with hydrochloric acid, when it melted at 193°. On drying to constant 
weight in a toluene bath, the crystals became dull yellow. 


0°1452 gave 0°0576 AgCl. Cl = 9°75. 
Cx HpN2,HCl requires Cl = 9°82 per cent. 


As a further proof of its identity, the salt was converted by heat- 
ing into 2: 6-diphenylpiazine, the melting point observed being 
88—89"°. 

The formation of the above hydrochloride by the action of ferric 
chloride on 1 : 4-dibenzyl-2 : 6-diphenypiazine dihydride is further 
evidence that 4-benzyl-2 : 6-diphenylpiazine dihydride really does con- 
tain an imide (NH) group, and as a necessary consequence that the pro- 
duct of the action of ammonia on diphenacylbenzylamine is really an 


.4. OH-C(O,Hs): CH. cer. 
amide, NH,'C(C,H,):CH> CH, C.Hs. 


Action of Aniline on Diphenacylbenzylamine Hydrobromide. 4-Benzyl- 


1: 2:6-triphenylpiazine Dihydride, CHEN <6 CoH > NCE 
5)- 


The hydrobromide was heated with aniline in a paraffin bath at 


180°, in the proportions of 1 mol. of salt to 2 of the amine; water 
was given off, and, on cooling, the product formed a dirty-brown, 
crystalline mass. This was reduced to powder, extracted with cold 
and hot water, and filtered ; the filtrate left aniline hydrobromide on 
evaporation, and smelled strongly of phenylcarbylamine. The in- 
soluble residue was difficult to purify, repeated crystallisation from 
benzene, and afterwards from alcohol, being necessary before the 
melting point became constant. It was ultimately obtained in the 
form of yellowish-white plates melting at 184—185°. The substance 
was dried over sulphuric acid and analysed. 


0°1260 gave 04010 CO, and 0:0646 H,O. C = 86:80; H = 5°69. 
0°1378 ,, 9c.c. moist nitrogen at 21° and 724mm. N = 7-07. 
C..H,,N, requires C = 87:00; H = 6:00; N = 7:00 per cent. 


The compound is insoluble in water, easily soluble in hot alcohol 
and light petroleum, and very easily in cold ether, benzene, and 
toluene. It dissolves in concentrated hydrochloric acid with a yellow 
coloration, and from this solution aqueous platinic chloride precipi- 
tates a dirty-brown platinochloride. It is soluble in sulphuric acid 
with a bright yellow coloration, the addition of water precipitating 
the original substance unaltered. The yield obtained was very small, 
owing to the difficulties met with in purification, and in consequence 
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the reactions carried out with 1 : 4-dibenzyl-2 : 6-diphenylpiazine 


dihydride were not followed in this case. 
The subjoined diagrammatic scheme represents the transformations 


of diphena cylbenzylamine described in this paper. 
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C.—The Constitution of Lapachol and its Derivatives. Part II. 
The Azines of the Lapachol Group. 


By Samvuet C. Hooker. 


Ina paper communicated to the Society last year (Trans., 1892, 61, 
611), I fully discussed the properties of lapachol, and advanced a con- 
siderable amount of evidence showing that this compound must be 
regarded as a derivative of #-hydroxy-a-naphthaquinone. I have 
since undertaken a detailed study of the azines of the lapachol group 
in order to confirm the views expressed in that paper, more especially 
in regard to the relations existing between lapachol, a-lapachone, and 
B-lapachone, and the changes occurring in the quinone group in the 
course of the transformation of these compounds into each other. 

The study of lapachol has led to the isolation of a large number 
of compounds which may be conveniently classed under the three 
following heads :— 

I. The hydroxylapachols, of which hydroxyhydrolapachol, 


oO 


C;Hjy"OH 
OH , 


may be taken as the type. 

II. The a-lapachones,* or true internal anhydrides of the hydroxy- 
lapachols. 

III. The £-lapachones, or pseudoanhydrides of the hydroxylap- 


achols. 
Oo 


oO 
OO" (YS ote 
-O 
WS “Ne? 
Type a-lapachone. Type 8-lapachone. 


The hydroxylapachols thus furnish two distinct types of internal 
anhydrides, the a-, and the A-lapachones. In the formation of the 
8-lapachones, as also in the reconversion of these substances into the 
hydroxylapachols by the action of caustic alkalis, the existence of 
pseudhydroxylapachols must be inferred, thus : 


* Only one representative of this group has been described up to the present 
time ; a second will be discussed in a paper to be published ere long. 
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OH 


\x 
_ yu 
re) 
Unstable. 


The above classification of the compounds which have been pre- 
pared from lapachol is in accordance with their behaviour with 
orthotoluylenediamine ; thus, the lapachols all form eurhodols (or 
eurhodones*) with great readiness, whilst the -lapachones, acting 
as true orthoquinones, without exception give characteristic azines. 
From the @-lapachones, on the other hand, no definite products have 
been obtained. 

Before passing to the discussion of the azines of the lapachol 
group it is desirable to briefly refer to the behaviour of B-hydroxy- 
a-naphthaquinone in contact with orthophenylenediamine. Kehrmann 
has shown (Ber., 23, 2453) that the two last-named substances 
very readily interact, water being eliminated :—C,H,O, + CsH,N; = 
C,Hy»N,O + 2H,0; the product, a-naphtheurhodol, being identical 
with that previously obtained by Fischer and Hepp (Ber., 23, 846). 

It is not unlikely that this action is preceded by a change of the 
hydroxynaphthaquinone into an unstable isomeride corresponding to 
those which exist in the case of the lapachols; a-naphtheurhodol 
would then have the following constitution. 


It is not necessary, however, if we wish to assign the above formula 
to a-naphtheurhodol, to assume that a change into the a-hydroxy-A- 
naphthaquinone occurs previous to the interaction, as Kehrmann and 
Messinger (Ber., 24, 2174) have shown that «-naphtheurhodol forms 
two ethers, and therefore under certain conditions itself passes into 
an isomeric modification. The interaction may also, therefore, occur 
as follows. 


OH 
AA A\/\ 


Ul Jou* § a H> CoH, = 2H,0 + 00 H _ [ 


he 
* Compare p. 1379. 
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In my experiments orthotoluylenediame was substituted for pheny]- 
enediame, and the corresponding eurhodol from §-bydroxy-«-naphtha- 
quinone was prepared for purposes of comparison. Methyl-a-naphth- 
eurhodol closely resembles #-naphtheurhodol, crystallising, like the 
latter, in golden-yellow, or slightly orange needles. The compounds 
obtained from the lapachols, on the contrary, were entirely different 
in appearance, being dark-red. Analysis showed that in both cases 
the action had occurred between 1 mol. of hydroxyquinone and 
1 mol. of orthotoluylenediamine, the eurhodol and 2 mols. of water 
being eliminated. 

In order to suggest a possible cause for the very great difference in 
the appearance of the compounds prepared on the one hand from the 
lapachols, and on the other from f-hydroxy-a-naphthaquinone, it is 
necessary to recall the fact above alluded to, that a-naphtheurhodol 
gives two distinct ethers corresponding to the following formule. 


Kehrmann and Messinger observed that both ethers were simul- 
taneously formed on heating the sodium salt of a-naphtheurhodol for 
several hours with methylic iodide. It was also shown by the same 
chemists (Ber., 24, 2172) that the ether to which the first of the 
above formule must consequently be assigned could be readily ob- 
tained from methylorthophenylenediamine and f£-hydroxy-a-naphtha- 
quinone thus; 

O O 

CywH, aoe + OBST > OH, = CoH, N(CH.) 

O ‘ No _> CoH 


+ 2H,0. 


The compound represented by the first formula, like the rosindones 
generally, is dark red, whilst the isomeric ether to which the second 


formula must be assigned is yellow, like a-naphtheurhodol. It is, 
therefore, probable that the unstable form of a-naphtheurhodol or 
that corresponding to the first formula, if it could be isolated, would 
prove to be dark red like its ether.* And extending this argument, 


* a-Naphtheurhodol is obtained as a red, flocculent precipitate when an aqueous. 
solution of its sodium salt is acidified with acetic acid (Kehrmann, Ber., 23, 2453). 
Possibly, in this condition, the structure of the compound corresponds to that 
represented by Formula I (above). The word “red,” when used alone, as in the 
present instance by Kehrmann, does not convey a very definite idea of colour, and 
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it may thus be inferred that the dark red compounds derived from 
the lapachols possess the quinonimide structure represented by the 
first formula rather than the structure corresponding to the stable 
form of a-naphtheurhodol. The red compounds may thus, perhaps, 
be more appropriately termed “ eurhodones ” than “ eurhodols.” 

By the introduction of the amylene chain into the naphtheurhodol 
molecule, its equilibrium would seem to be disturbed, the result being 
that the modification becomes stable, which, in the case of a-naph- 
theurhodol, is the unstable form. 

If this explanation of the striking difference in the colour of the 
compounds be true, it would seem probable that the substitution for 
the amylene chain of any other atom or group, provided it be suffi- 
ciently heavy, should accomplish the same result, and render the 
“eurhodone ” or quinonimide structure stable. In order to test the 
value of this theory, I have prepared the corresponding compound 
from B-hydroxy-f-chlor-«-naphthaguinone. The resulting azine was 
dark red, differing from a-naphtheurhodol precisely as the lapachol 
compounds had done. 

Apart from the difference in appearance of the dark red and orange 
compounds, I have been unable, in spite of numerous experiments, to 
demonstrate any essential difference in their chemical behaviour. No 
compounds have been obtained by the action either of hydroxylamine or 
of phenylhydrazine on either the orange or the red compound ; whilst, 
on the other hand, both are readily acted on by acetic anhydride, 
forming similar pale yellow acetyl derivatives. The orange and red 
substances* both dissolve in dilute solutions of caustic alkalis, forming 
definite, crystalline salts, and such interactions of the lapachol- 
eurhodones as have been discovered indicate the eurhodol rather than 
the eurhodone structure. Such behaviour, however, can be explained 
by the change from the eurhodone to the eurhodol formula, the re- 


as I have not had the compound in my hands, I am unable to describe its appear- 
ance more fully. Methyl-a-naphtheurhodol, however, is obtained, under the same 
conditions, as a fiery-red precipitate, which, although essentially different from the 
dark ruby or carmine red of the lapachol compounds, is considerably more coloured 
than when the eurhodol is deposited from alcohol or acetic acid in a crystalline 
condition. 

* Lapacholeurhodone, when in a crystalline condition, is almost insoluble in a 
1 per cent. solution of sodium hydroxide in the cold, even on long standing. It 
slowly dissolves, however, on boiling, and, when precipitated by the addition of 
hydrochloric acid in an amorphous condition, is readily taken up by the cold 
alkaline solution. This difference in the behaviour of the compound in a crystalline 
and amorphous condition led me, at first, to suppose that a distinct compound had 
been formed by the action of the alkali (compare Trans., 1892, p. 617, footnote). 
This, however, is not the case. Hydroxyhydrolapacholeurhodone, even in a crystal- 
line condition, readily dissolves in a 1 per cent. solution of sodium hydroxide. 


1380 HOOKER: CONSTITUTION OF 


searches of Kehrmann and Messenger above referred to, having suffi- 
ciently demonstrated the possibility of the change in the case of 
a-naphtheurhodol, a property which must, therefore, be extended to 
other members of this group. 

I am aware that deductions regarding the structure of compounds 
based upon their colour are dangerous ; but it seems to me that in 
the case of so-called tautomeric compounds, in which changes in con- 
stitution frequently, and possibly in some cases almost invariably, 
precede chemical change, that deductions based upon the physical 
properties of the compound, when in a stable condition, are apt to be 
at least as trustworthy as conclusions drawn from their interactions. 
I must not, however, be misunderstood. The possible existence of 
stable eurhodones, in a free condition, as distinct from stable 
eurhodols, is made as a suggestion only to account for the difference 
in the colour of the compounds, and I regard the facts which I have 
advanced as entirely insufficient to enable any conclusion to be arrived 
at, at present, other than that the explanation suggested is possibly 
true; but whether it is, or is not, substantiated by future research, 
the fact that lapachol and orthotoluylenediamine interact giving a 
dark red compound, whereas f-hydroxy-a-naphthaquinone, under 
similar circumstances, gives an orange product, can certainly not be 
used as an argument against the similarity of the two compounds. 

The relation of the eurhodones of the lapachols to the azines of the 
f-lapachones is an interesting one. I have previously thoroughly 
discussed the change of lapachol and of hydroxhydrolapachol into 
B-lapachone, these compounds being related as follows. 


Oo O 0. 
4\/~\ A\/N\N , 
| | C;H, _ | | — OH = $8 
OH OH 
\ Oo 
\4 4 \4 VW YN “4 
Lapachol. Hydroxyhydrolapachol. B-Lapachone. 
Precisely similar changes occur in the case of the eurhodones of the 


lapachols, which are readily converted into the azines of the /-lap- 
achones by the action of concentrated sulphuric acid. 


N— C;H,;CH, 


Methyllapeurhodone, Methylhydroxyhydro- Methyllapazine. 
lapeurhodone. 
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So that, whether lapachol is first submitted to the action of con- 
centrated sulphuric acid and the resulting B-lapachone treated with 
orthotoluylenediamine, or, whether lapacholeurhodone is first pre- 
pared and then placed in contact with concentrated sulphuric acid, 
the final result is identical in both cases, the same methyllapazine 
being obtained. 


EXPERIMENTAL PART. 


In order to prepare the azines of the 8-lapachones, it is usually suffi- 
cient to boil an acetic acid solution of the lapachone for a few minutes 
with rather more than the corresponding theoretical quantity of 
orthotoluylenediamine. The azines readily crystallise out or may be 
precipitated from the solution by adding water. The hydrochloride 
of orthotoluylenediamine may be used in place of the base in the 
presence of an excess of sodic acetate. 


Oo 

\ ote 

Methyllapazine, | ” . 
Waa 

N— C,;H;CH; 


To prepare this compound, a mixture of 3 grams of f-lapachone, 
19 grams of orthotoluylenediamine, and 50 c.c. of acetic acid is 
heated for a few minutes to the boiling point. Shortly afterwards, 
the azine commences to separate in a very satisfactory condition of 
purity. After standing some time, the crystals are collected and 
washed with cold alcohol. The yield from the first crystallisation is 
rather more than the weight of the A-lapachone. 

Methyllapazine was purified for analysis by crystallisation from 
alcohol. It separated in silk-like crystals of a canary-yellow colour, 
which fused, although not quite sharply, at about 135°, and gave the 
following figures on analysis. 
0°1747 gave 0°5144 CO,.and 00939 H,O. C = 80°30; H = 5°97. 
01487 ,, 11:4 c.c. moist nitrogen at 19° and 748 mm. N = 8°67. 
C»H»N.O requires C = 80°48; H = 6:09; N = 8°53 per cent. 


Methyllapazine dissolves readily in boiling alcohol, ether, and 
benzene. In alcohol, but to a considerably less extent in ether or 
benzene, it exhibits a beautiful, greenish fluorescence. It dissolves 
in concentrated sulphuric acid, forming an intensely green solution, 
from which a crystalline, orange salt is precipitated on slight dilution, 
but is readily decomposed by an excess of water. 
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The alcoholic solution of methyllapazine becomes orange on the 
addition of hydrochloric or sulphuric acid, owing to the formation of 
the corresponding salt. The hydrochloride may be readily obtained 
crystallised in beautiful, orange-red needles by adding a sufficiently 
large excess of dilute acid to the alcoholic solution of the base. The 
salt is stable in the presence of an excess of the acid, if the latter is 
not too much diluted. 

When the alcoholic solution of methyllapazine, slightly acidified 
with hydrochloric acid, is gently warmed and zinc dust is added, 
a violet colour is developed, and then, on further reduction, the 
solution becomes colourless. In this condition, oxygen is readily 
absorbed ; the liquid, on slight agitation, again becomes violet, and 
then gradually regains its original orange colour. In the case of 
sufficiently concentrated solutions, a copious deposit of dark, almost 
black, microscopic needles is formed when the violet stage is reached. 


Methylbromolapazine, 


The very great similarity between this compound and that just 
described furnishes striking evidence of the close relation existing 
between A-lapachone and bromo-f-lapachone. 

30 c.c. of acetic acid is added to 2 grams of bromo-f-lapachone, 
4 grams of crystallised sodic acetate, and 1°4 grams of orthotoluylene- 
diamine hydrochloride, and the solution is heated to the boiling point 
for a few minutes. When cool, the azine is precipitated by the 
gradual addition of water, and, after it has collected,* is filtered off 
and washed. 

For analysis, the compound was dissolved in boiling acetic acid, 
from which, after some alcohol was added, it was allowed to crys- 
tallise. 

02105 gave 0°4986 CO, and 0°0885 H,O. C = 6459; H = 4°67. 

01598 , 00755 AgBr. Br = 20°10. 

01613 ,, 9%8c.c. moist nitrogen at 18°7° and 7585 mm. N = 6°97. 
C.,H,,BrN,0 requires C = 6486; H = 466; Br = 19°65; N = 6°87 

per cent. 


Methylbromolapazine usually crystallises in clusters of minute 


* If the solution should remain persistently turbid, a condition which renders 
filtration and the proper washing of the compound difficult, the addition of a little 
common salt will be found beneficial in causing the compound to aggregate rapidly. 
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needles of a light yellow colour. It fluoresces in alcoholic solution, 
and dissolves in concentrated sulphuric acid, forming an intensely 
green solution from which an unstable, orange salt is precipitated on 
the addition of water. Its alcoholic solution slightly acidified with 
hydrochloric acid gives the same colour changes as methyllapazine on 
the addition of zinc dust. 


em 
Methyllapeurhodone, | | ° 
- - 
4 YC 
— bn,-cH, 


This compound may be readily prepared by digesting on a water 
bath 20 grams of lapachol, 52 grams of crystallised sodium acetate, 
17°6 grams of orthotoluylenediamine hydrochloride, and 200 c.c. of 
acetic acid. The heating is continued about one hour after the 
lapachol has passed into solution, and while it is still in progress, the 
eurhodone sometimes commences to separate. On removal from the 
water bath, 100 c.c. of water are gradually added to the hot solution, — 
and after an interval of several hours, the crystals are collected and 
washed with dilute acetic acid, followed by water. While still moist, 
the compound is immersed in about 150 c.c. of 1 per cent. solution of 
sodium hydroxide, in order that a small quantity of unchanged 
lapachol, with which it is usually contaminated, may be removed. 
After a few minutes contact with the alkaline solution, the crystals 
of the eurhodone are separated and thoroughly washed with water. 
Yield, 24 grams. 

The compound was twice crystallised from alcohol and then 
analysed. It fused at 153°5—154°5, and was obtained in small prisms 
or tablets of a dark red colour. It dissolves in acetic acid, yielding 
an intensely crimson solution; in other organic solvents, the colour 
is less intense. 

0'2180 gave 0°6420 CO, and 01179 H,O. C = 80°31; H = 6:00. 

01500 ,, 1lc.c. moist nitrogen at 19° and 762mm. N = 8°44, 

C»HN,0 requires C = 80°48; H = 6:09; N = 8°53 per cent. 


Methyllapeurhodone is isomeric, therefore, with methyllapazine. 
Dilute aqueous caustic alkalis dissolve the compound on boiling, 
giving rise to intensely coloured, crimson solutions, from which dilute 
hydrochloric acid precipitates methyllapeurhodone in an amorphous 
condition, for the most part unchanged (compare footnote, p. 1379). 
The alkaline solutions are, however, gradually oxidised if sufficiently 
exposed to the air. 

Methyllapeurhodone is converted by concentrated sulphuric acid 
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into methyllapazine. About 0°5 gram was dissolved in 25 c.c. of the 
acid, the dark green solution obtained was poured into a large excess 
of water, and the precipitate collected on a filter and washed with 
sufficient water to decompose the sulphate of the azine. When crys- 
tallised from alcohol, the compound was identified as methyllapazine 
by its melting point and other properties. 

When methyllapeurhodone is boiled with acetic anhydride, a pale 
yellow compound is formed, which probably has the following con- 
stitution, 


N—C,H,-CH, 
being a derivative of the corresponding eurhodol, and not of methyl- 


lapeurhodone. 


Methylhydroxyhydrolapeurhodone, Cena. 


pam OH; 


3 grams of hydroxyhydrolapachol, 2°5 grams of orthotoluylenedi- 
amine hydrochloride, and 7°5 grams of crystallised sodic acetate were 
heated in 45 c.c’ of acetic acid for about 30 minutes on a steam bath. 
The solution was then allowed to stand until the following morning, 
when it was diluted with water until the separation of the compound 
commenced ; after the lapse of several hours, it was collected on a 
filter and slightly washed with dilute acetic acid. When dry, it was 
purified for analysis by two crystallisations from alcohol.* 


0°2081 gave 0°5788 CO, and 0°1208 H,0. C = 75°85; H = 6:44. 
02069 ,, 15 c.c. moist nitrogen at 23° and 767 mm. N = 8:24. 
C»H;,N,0, requires C = 76°30; H = 635; N = 8:09 per cent. 


Methylhydroxyhydrolapeurhodone crystallises in compact clusters 
of small needles, which, when dry, are dark reddish-brown, and have 
a slight metallic lustre. The compound melts at 183°5—184°5°. 

When methylhydroxyhydrolapeurhodone is acted on by concentrated 


* The alcoholic mother liquors, on concentration, gave a mixture of methyl- 
hydroxyhydrolapeurhodone and methyllapazine. These two substances can be 
readily separated by means of a cold 1 per cent. solution of sodium hydroxide. 
The eurhodone readily dissolves, and the intensely crimson solution, when filtered 
from the methyllapazine and acidified with acetic acid, yields the eurhodone in 
carmine-red flocks. 


LAPACHOL AND ITS DERIVATIVES. 1385 


sulphuric acid, methyllapazine is formed. The operation was con- 
ducted precisely as in the conversion of methyllapeurhodone into the 
same compound (compare p. 1383). 


APPENDIX. 


Both methyl-2-naphtheurhodol and methylchloronaphtheurhodone,. 
as already explained in the early pages of this paper, were prepared 
with the object of comparing the compounds obtained by the con- 
densation of orthotoluylenediamine with lapachol derivatives. 


OH 
4\74 
Methyl-a-naphtheurhodol, | | 


—N 
tom om, 

Methy]l-a-naphtheurhodol was first prepared by Zincke (Ber., 1892, 
1171, 1179), in order that it might be compared with the eurhodol 
obtained by that chemist from dihydroxydiketotetrahydronaphthalene. 
No analysis, however, was made of the compound, which was merely 
inferred to be that sought for from the method adopted in preparing 
it, and from its properties. 

Methyl-a-naphtheurhodol may be readily prepared by dissolving 
8-hydroxy-z-naphthaquinone, together with rather more than the 
theoretical quantity of orthotoluylenediamine hydrochloride, in a 
1 per cent. solution of sodium hydroxide. The solution is then heated 
to the boiling point and acidified with acetic acid; the eurhodol 
almost instantly separates. 

It was also prepared by dissolving 3 grams of 8-hydroxy-a-naphtha- 
quinone in 100 c.c. of acetic acid and adding the solution, when nearly 
boiling, to 100 c.c. of boiling acetic acid containing 11 grams of 
crystallised sodium acetate and 3°7 grams of orthotoluylenediamine 
hydrochloride ; the eurhodol rapidly separated in a crystalline con- 
dition. This method appears to yield the compound in a condition 
more nearly pure than that first given, although there is little to 
choose between them. 

The eurhodol was prepared for analysis by crystallisation from 
alcohol, in which, as in all ordinary organic solvents, it dissolves 
extremely sparingly. It was thus obtained as pale orange, woolly 
needles, which, when heated cautiously in a test tube, commenced to 
sublime without previously melting; as the temperature was further 
raised, a portion of the substance fused and was carbonised. Heated 
in a capillary tube, the compound gradually darkened ; at 265° it was 
much discoloured, but had not melted. 
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41955 gave 0°5616 CO, and 0°0829 H,O. C = 7834; H = 4°71, 
01334 ,, 12:1 c.c. moist nitrogen at 19°and 773mm. N = 10°60, 
C,,H,,N,O requires C= 78°46 ; H = 4°61; N = 10°76 per cent. 


Methyl-a-naphtheurhodol, when boiled with acetic anhydride, gives 
a pale yellow acetyl derivative, from which the acetyl group can be 
readily removed by dissolving the compound in cold concentrated 
sulphuric acid and pouring the solution into water. _ 

Methyl-a-naphtheurhodol dissolves in a 1 per cent. solution of 
sodium hydroxide, forming an orange-red liquid, which, when not too 
concentrated, appears somewhat pink, if in thin films. The addition 
of moderately concentrated sodium hydroxide to this solution causes 
the separation of orange-yellow, hair-like needles. If the salt be 
slightly washed, so as to remove the greater part of the excess of 
alkali, then dissolved in water, and the solution evaporated, a carmine 
or ruby-red film is left, which sometimes is partially crystalline. 
‘This is best observed by allowing a drop to evaporate spontaneously 
on a watch-glass. The colour of the ruby-red film is discharged by 
alcohol, also on washing with an excess of water, and appears to be 
due to the existence of an unstable sodium salt distinct from that 
above referred to. It was, indeed, subsequently found that a ruby- 
ved salt could be readily obtained in a crystalline condition by dissolv- 
ing methylnaphtheurhodol to saturation in a boiling 10 per cent. 
solution of sodium carbonate. When filtered from undissolved 
eurhodol, the solution deposited the salt, on cooling, in a jelly-like 
mass, consisting of dark red, microscopic needles, which spread 
through the whole volume of the liquid. It is possible that the 
orange and red salts are respectively derived from methyl-a-naphth- 
eurhodol and its corresponding eurhodone; but it has not been found 
possible to isolate them in a condition sufficiently pure to warrant 
further investigation, as, in both cases, dissociation occurs very 
readily in the absence of an excess of the alkali. 


oO 
Nei 


Lea 


Methylchloronaphtheurhodone, 


Y | 
N—C,H,CH; 


3 grams of chlorhydroxynaphthaquinone, 3:1 grams of ortho- 
toluylenediamine hydrochloride, and 9 grams of crystallised sodium 
acetate were added to about 75 c.c. of acetic acid. When the solution 
was boiled during a few minutes, the eurhodone separated in minute, 
dlark red, voluminous crystals, which spread through the ‘entire 
liquid. After digestion on a water bath for about an hour, the sub- 
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stance was collected and washed, first with dilute acetic acid and 
then with water. Methylchloronaphtheurhodone is very sparingly 
soluble in the ordinary organic solvents. It crystallises in minute 
tufts of microscopic needles, and, when rubbed, exhibits a slightly 
metallic lustre. In dilute aqueous alkalis, it readily dissolves, forming 
a crimson-red liquid. A 10 per cent. solution of sodium carbonate 
dissolves it on boiling, but not when cold; but a sodium salt crystal- 
lises from the hot solution, as it cools, in extremely characteristic 
scales, which are orange by transmitted light and exhibit a striking, 
metallic lustre. 

Methylchloronaphtheurhodone dissolves in concentrated sulphuric 
acid, forming an intensely green solution, which, when slightly 
diluted, becomes orange ; on further dilution, the orange passes into 
crimson, and the eurhodone is precipitated unchanged. 

Two preparations were made for analysis; the one (a) was crystal- 
lised from acetic acid only; the other (6)—a portion of (a)—was. 
recrystallised from alcohol. 


a. 0°2079 gave 16:0 c.c. moist nitrogen at 21°and 748 mm. N = 861. 

b. 011578 ,, 109 cc. - 17°and 770 mm. N = 8:12. 

b. 02058 ,, 05240 CO, and 0:0682 H,0. C = 69°44; H = 3°68. 

a. 01839 ,, 0°0893 AgCl. Cl = 12°01. 

C,;H,,CIN,O requires C = 69°26; H = 3:73; Cl = 12:05; N= 9°50 
per cent. 


It will be observed that both the nitrogen determinations gave 
very low figures. This may have been due to the difficulty of satis- 
factorily mixing the substance with the oxide of copper, more par- 
ticularly so as the compound chars when heated, melting very 
imperfectly ; particles of carbon enclosing nitrogen could have thus 
escaped oxidation. In order to remove all doubts regarding the 
composition of the substance, I converted it into its acetyl derivative, 
or rather, more probably, into the acetyl derivative of the corre- 
sponding eurhodol, and determined the nitrogen in this. 


0'1254 gave 9°1 c.c. moist nitrogen at 20° and 758mm. N = 8:28. 
C,9H,:CIN,O, requires N = 8°32 per cent. 


The acetyl derivative was prepared by boiling 10 c.c. of acetic 
anhydride with 1 gram of the eurhodone during 35 minutes in a flask 
attached to a reflux condenser. The derivative crystallised out 
readily on cooling, and was then thoroughly washed with alcohol and 
twice crystallised from this solvent. It separates in straw-coloured, 
woolly needles, which melt above 220°. Water precipitates the 
eurhodone from the intensely green solution obtained by immersing 
the compound in concentrated sulphuric acid. 


CI.—The Combination of Hydrocarbons with Picric acid and other 
Nitro-compounds. 


By Witt1am A. Titpen, D.Se., F.R.S., and Mart O. 
Forster, Ph.D. 


In a paper published in March, 1886 (Compt. rend., 102, 555), M. 
Lextreit describes a crystalline compound obtained by heating picric 
acid with French turpentine oil, and to which he ascribes the formula 
CoH ,CsH2(NO,);;°OH. When boiled with aqueous solutions of the 
alkalis, it yields borneol, and from this fact the author regards the new 
compound as a bornyl picrate, that is, as an ethereal salt, and not 
as a picrate of a hydrocarbon. 

As already observed by Lextreit, picric acid does not combine with 
the turpentine hydrocarbon at the temperature of the air, and it is 
only when heated above the melting point of picric acid and ap- 
proaching the boiling point of the hydrocarbon that the reaction, in 
the course of which the crystalline compound is formed, takes place. 

The process and the product appeared sufliciently interesting to 
deserve further investigation, and we have therefore made the follow- 
ing experiments. 


Preparation of the Picrate. 


Picric acid is heated in a flask with about 10 times its weight 
of pinene. The picric acid melts, and the contents of the flask are 
frequently shaken, the temperature being raised to close upon the 
boiling point of the hydrocarbon. The heat generated by the 
reaction is then sufficient to keep the liquid boiling for some time 
without external application of heat. Even when the hydrocarbon 
and the picric acid have been previously dried, some water is pro- 
duced in the reaction, and the acid is partly converted into a tarry 
mass. When all action has ceased, and the residual picric acid is 
beginning to solidify, the dark brown liquid is decanted into a beaker. 
After some hours, tufts of pale brown needles are deposited, some- 
times mixed with a little tarry matter. The crystals are first washed 
with a small quantity of alcohol to remove turpentine and tarry 
impurities, and are then repeatedly crushed in a mortar with small 
quantities of water as long as the washings are yellow. The residue 
is then again washed with cold alcohol, in which it is but slightly 
soluble, and the compound is finally purified by crystallisation two 
or three times from boiling alcohol. 
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The picrate thus prepared forms shining plates of a straw-yellow 
colour, but on exposure to sunlight it becomes deep red. It melts 
at 133°. It is easily soluble in cold ether and in hot light petr- 
oleum, carbon bisulphide, alcohol, and glacial acetic acid, from 
which solvents it separates on cooling, the last named yielding 
transparent prisms of considerable length. A determination of 
nitrogen gave 11°22 per cent. Its composition is therefore correctly 
represented by the formula CjH,.,CsH,NO,);*OH, as shown by the 
following comparison. 


Exp. Lextreit. T. and F. Calculated. 
Carbon...... 51°81 _- 52°60 per cent. 
Hydrogen ... 5°52 —— 5°20 om 
Nitrogen.... 12°10 11°22 11°50 ™ 


The compound obtained from American turpentine is identical 
with that prepared from French. A solution of the picrate in carbon 
bisulphide or light petroleum does not decolorise bromine. It is not 
avted on by strong aqueous hydrochloric acid even when heated, but 
when boiled with aqueous potash or baryta, it yields borneol in the 
distillate, as stated by Lextreit. The borneol obtained in our ex- 
periments was, however, optically inactive. 

When heated alone, the picrate first fuses to a yellow liquid, and 
then begins to undergo decomposition, and a colourless liquid dis- 
tils over, which solidifies when cooled, and consists, in fact, of 
camphene. The most convenient way to proceed is to heat the 
picrate until camphene begins to come over, and then to pass a 
current of steam over the fused mass. In this way the camphene 
is carried over, while the residue in the flask yields picric acid on 
cooling. The camphene obtained melted at 47°, and possessed the 
characteristic odour of that hydrocarbon. No trace of water can be 
detected in the distillate when the picrate is heated alone. 


Action of Alcoholic Ammonia. 


Alcoholic ammonia was added to a solution of the picrate in boiling 
alcohol. The liquid assumed a deep orange tint, and bright yel- 
low plates with a violet shimmer separated on cooling. These 
crystals melted at 189—190°, and were found to consist of picr- 
amide, giving the following result on analysis. 

Calculated for 
CsH2(NO,)3-N Ho. 
Nitrogen ....... “Oe 24°51 per cent. 


As a further means of identification; the substance was dissolved 
in alcohol and mixed with a slight excess of an alcoholic solution 
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of naphthalene. Yellow needles, melting at 167°, were obtained on 
cooling. Liebermann gives the melting point of this compound 


as 168°. 
The mother liquors of the picramide contain optically inactive 


borneol. 
Action of Pyridine. 


When the picrate is warmed with pyridine, it first dissolves to a 
clear liquid which, on further heating, becomes turbid, and finally 
yields camphene, which passes over with the excess of pyridine, 
whilst pyridine picrate (m. p. 165°) remains behind. If the picrate 
is only just dissolved in warm pyridine, and then distilled in a 
current of steam, an appreciable amount of borneol is obiained, 
the residue consisting principally of unaltered compound. At first 
these results appeared contradictory, until it was found that steam 
distillation alone is sufficient to decompose small quantities of the 
picrate, especially if the temperature be rather above 100°. 


Action of Alcoholic Potush. 


When alcoholic potash is added to an alcoholic solution of the’ 
picrate, a deep crimson colour is produced; and, if excess of potash 


has been used, a dark brown tar is deposited.. By taking molecular 
proportions, however, this difficulty is avoided. It is best to pro- 


ceed in the following manner. 
To 4 grams of the picrate, dissolved in boiling alcohol, was added 


a solution of 0°6 gram of potash in alcohol. The liquid was set aside 
till cold, when it was filtered, and allowed to stand for two or three 
days. A considerable crop of flat, red needles, with a bronze lustre, 
separated out; these, however, were mixed with a small quantity of 
plates, having a dark blue reflection, which it has not been found 
possible to separate. After washing slightly with alcohol, the 
crystals were dried over sulphuric acid in a vacuum. 
Two determinations of potassium in the compound gave the fol- 
lowing numbers. 
Found. 
—_ Calculated for 
1. 1. CioHye,CgH(NOz)5-OK. 
Potassium........ 9°40 9°62 9°67 per cent. 


Different preparations are, however, liable to give different results ; 
another specimen, for instance, consisting of brilliant, scarlet scales, 


gave the following percentages of potassium. 


I. II. III. - 
Potassium .........- 7°70 7°66 7°38 per cent. 
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This is evidently due to the fact that re-solution in alcohol, or even 
treatment with cold alcohol, causes decomposition, potash being ex- 
tracted, and the original picrate of the hydrocarbon (m. p. 133°) 
being reproduced. A similar effect is produced by water, the liquid, 
after boiling for a few minutes, becoming strongly alkaline. 

The nature of the compound is, however, conclusively shown by 
the 


Action of Heat on the Potassium Salt. 


A test-tube, through which a current of cold water circulated, was 
fitted into a dry boiling tube containing a few grams of the red 
potassium salt, which was heated to 150° by means of a paraffin bath. 
The salt gradually lost its red coloar, becoming yellow, while a white, 
waxy sublimate was deposited on the cold tube. This melted at 54°; 
and was proved to consist chiefly of camphene (m. p. 50°), together 
with a little borneol (m. p. 198°). No trace of moisture was formed, 
and the yellow residue consisted of potassium picrate without any 
admixture of picric acid. 

The experiment repeated quantitatively gave the following results. 


I. 0°4565 gram of potassium salt, heated at 100° till constant in 
weight, left 0°2870 gram of potassium picrate. 

II. 0°1950 gram of potassium salt left 0°1197 gram residue which 
contained 14°18 per cent. of potassium, and therefore consists 
wholly of potassium picrate. 

Experiment. 


—a OF Calculated for ~* 
I. IL. CyoHy¢,CsH2(NOz)3-OK. 


62°8 61°4 66°2 per cent. 


Attempts to prepare corresponding sodium, barium, and other salts 
were not successful. On adding alcoholic soda fo a hot solution of 
the picrate in the same solvent, a red coloration was developed, but 
the unaltered picrate crystallised out on cooling. 

The action of picric acid on pinene seems to produce changes i in 
the surplus hydrocarbon-similar to those which result from the action 
of sulphuric and other acids. The hydrocarbon becomes optically 
inactive, and is partly polymerised. On distillation, several fractions, 
from about 160° to 175° and upwards, are obtained. From the former 
we have not succeeded in separating camphene, probably owing, to 
the small quantity operated on. From the higher fractions, dipentene 
dihydrochloride (m. p. 50°) may readily be obtained. 

At present, no other nitro-compound or phenol derivative is known 
to produce the same effect on pinene as picric acid does, or to yield a 
compound .with it. 

VOL. LXiII. 5 B 
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The following compounds have been carefully tried withont 
result : — metadinitrobenzene, metanitrophenol, paranitrophenol, 
metadinitrophenol, picryl chloride, picramic acid, potassium picrate, 
trinitrometaxylene, and tribromophenol. 

On the other hand, picric acid has no effect on limonene, dipentene, 
or camphene. 

The compound which results from the union of picric acid with 
the elements of pinene is evidently not an ordinary bornyl salt, as 
supposed by Lextreit. Borneol is not etherified by heating with picric 
acid alone to the boiling point of the mixture, nor by dissolving it 
together with picric acid in ether, and saturating the liquid with 
hydrogen chloride. 

It also differs from the picrates of other hydrocarbons, inasmuch 
as these are all resolved by the action of alkalis into the hydro- 
carbon and a picrate, whilst the pinene compound yields borneol and 
potassium picrate by the action of aqueous potash, borneol and picr. 
amide (trinitraniline) being formed when alcoholic ammonia is used, 
The formation of the potassium salt by the action of alcoholic 
potash is also peculiar to this compound. 

In order to determine what elements are necessary in a benzene 
derivative in order to enable it to combine with the hydrocarbons, the 
following facts must be considered. 

Naphthalene appears to form the most stable of these combina- 
tions, and it is now known to unite with all the following nitro- 
compounds in molecular proportion :— 


Picric acid. Fritzsche (Annalen, 109, 247). 

Picryl chloride, or trinitrochlorbenzene. 

Picramide, or trinitraniline. Liebermann and Palm (Ber., 8, 377), 
f- and y-Trinitrophenol. Henriques (Annalen, 215, 332). 
a-Dinitrophenol. 

Ortho-, meta-,and para-dinitrobenzene. | 

Dinitrotoluene. Hepp (Annalen, 215, 375). 
Trinitrobenzene. 

a, B, and y-Trinitrotoluene. 

a-Dinitrochlorbenzene. Willgerodt (Ber., 11, 601). 
Trinitrometacresol and its ethyl ether. 

Trinitrotoluidine. Noelting and v. Salis (Ber., 
Trinitroresorcinol, 15, 1862). 
Trinitroorcinol. 

Trinitrorthocresol. Noelting and Collin (Ber., 17, 271). 
Dinitrothiophen. Rosenberg (Ber., 18, 1778). 


Naphthalene also combines with the following in the proportion 
of 2 mols. of hydrocarbon to 1 mol. of the nitro-compound. 
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Dipicrylamine, [C,H,(NO,)3],HN. Mertens (Ber., 11, 843). 
Chrysammic acid, [C,H(HO)(NO,).]C,0,. Noelting and v. Salis 
(Ber., 15, 1862). 


We have found that naphthalene does not combine with picramic 
acid (dinitroamidophenol), nor with trinitrometaxylene. 

Hepp (Annalen, 215, 375) observes that he has been unable to 
obtain compounds of hydrocarbons with mononitro-compounds, and 
this is confirmed by our experiments so far as pinene is concerned. 

Although naphthalene unites with a great variety of nitro-com- 
pounds, nitronaphthalenes do not appear to possess the same property. 
Neither in the case of a-nitronaphthalene nor in those of [a] or 1: 5- 
dinitronaphthalene (m. p. 212°), and [8] or 1 : 8-dinitronaphthalene 
(m. p. 169°), have we been able to obtain any evidence of combina- 
tion on mixing them in alcoholic or benzene solution with picric 
acid. This is especially noteworthy in view of the fact that chloro-, 
bromo-, and iodo-napthalenes and both ,the naphthols form com- 
pounds with picric acid (Roux, Bull., 45,575; Marchetti, Gazzetta, 
12, 503). 

From these facts it appears that naphthalene and aromatic hydro- 
carbons generally, but so far as we know, not open-chain hydro- 
carbons, will combine with benzene derivatives if they contain the 
following elements. 

1, Three niiro-groups alone, or together with OH, Cl, NH, or 
not more than one alkyl group. Thus trinitrobenzene and trinitro- 
toluene combine with naphthalene, but trinitroxylene does not. 

2. Two nitro-groups alone, or together with OH, or Cl, or in the 
thiophen ring; but the influence of two nitro-groups even in the 
presence of OH is annulled by the presence of NH;, as in picramic 
acid. 

3. The position of the nitro- or other groups seems to be of no im- 
portance when naphthalene is concerned, but it does appear to affect 
the result in the case of other hydrocarbons. Thus picric acid com- 
bines with phenanthrene, but f-trinitrophenol, according to Hen- 
riques (Joc. cit.), does not. Again, according to Willgerodt (loc. cit.), 
dinitrochlorobenzene forms a compound with naphthalene and with 
phenanthrene, but not with anthracene. It appears then that a com- 
pound of a hydrocarbon with a nitro-compound is formed only when 


the latter contains at least two nitro-groups. 


Experiments have been made with naphthalene and phenanthrene, 
both of which form addition compounds with chlorine, to ascertain if 
they would unite, if enly in a temporary manner, with nitric peroxide, 
but without success. Liquid N,0, prodaces with naphthalene only 
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a-nitronaphthalene, and with phenanthrene a tough reddish mass was 
formed, but no evidence was obtained in either case of the existence 
of an addition compound. Leeds has also investigated the action of 
nitric peroxide on naphthalene, and arrived at substantially the same 
result (J. Amer. Chem. Soc., 1880,277). As the union of a hydrocarbon 
with a nitro-compound is observed only when the latter contains 
at least two nitro-groups, and the idea having occurred to us that 
probably the oxygen of the nitro-groups served as the connecting link 
between the two molecules, it seemed possible that union might occur 
if one of the two nitro-groups were transferred from one molecule to 
the other. Accordingly attempts were made to obtain compounds of 
mononitronaphthalene with ortho- and para-mononitrophenols, also 
with metadinitrophenol. But, as in the case of nitronaphthalenes and 
picric acid, already referred to, no compounds could be obtained. 

From the fact that only benzenoid hydrocarbons combine with 
nitro-derivatives of a similar chemical structure, the combination 
would seem to depend on a similarity of form or of movement in the 
two uniting molecules. 

As to the picrate derived from pinene, it is obviously of a character 
different from the rest. Although the nitro-groups of the picric 
acid are apparently in some way concerned in the formation of the ~ 
compound, the union of the terpene with the acid depends also ap- 
parently on the hydroxyl, for not only does pinene not combine with 
picryl chloride, but the action of ammonia on the picrate leading to. 
the production of picramide can only be explained by supposing the 
terpene to be attached to the oxygen of the hydroxyl. That itisnot a 
bornyl salt pure and simple is shown by the formation of the peculiar 
potassium salt. Such a conclusion as this, however, involves the 
assumption of a combining power for the oxygen greater than is. 
usually assigned to it. This assumption is by no means novel, and 
there appears to be no assignable reason for refusing a higher 
capacity of combination to oxygen in a large number of cases, 
except the disinclination on the part of many chemists to give up the 
assumed distinction between “molecular” and “atomic” com- 
bination. 


Mason College, 


Birmingham. 


CII.—The Oxidation of Paratoluidine. 
By Arruur G. GREEN. 


Ir the colouring matters of the rosaniline series have a quinonoid 
constitution, the simplest compound of this type should have the 


formula CH,°< NH, and might possibly be obtained by the 


removal of 2 atoms of hydrogen from the molecule of paratoluidine. 
In an attempt to obtain this compound by careful oxidation of para- 
toluidine by means of potassium dichromate and sulphuric acid, I 
isolated a crystalline, orange-red, basic substance which I was at first 
inclined to think was the compound sought. A molecular weight 
determination, however, and a more careful examination of its pro- 
perties, showed that this was not the case, but that the substance 
was identical with the red compound first obtained by Barsilowsky, 
and subsequently examined by Perkin, and by Klinger and Pitschke. 

As the results obtained by these investigators are very contra- 
dictory, and no satisfactory conclusion has yet been arrived at in 
regard to the structure of this remarkable substance, it appeared to 
me to be well worth while to subject it to a reinvestigation, with the 
view of clearing up its constitution and possibly throwing some light 
on the mechanism of the oxidation. 

The substance was first obtained by Barsilowsky in 1873 (Ber., 6, 
1209; 8, 695; 11, 2153; 14, 2073; Annalen, 207, 102, 118), by 
oxidising paratoluidine with potassium permanganate or potassium 
ferricyanide. He ascribed to it the formula C,,H2.N,, and regarded 
it as a polymeric parazotoluenc. Perkin, who examined it in 1879 
(J. Chem. Soc., 35, 728; 37, 546), apparently without knowledge of 
Barsilowsky’s work, obtained it by oxidising paratoluidine sulphate 
with potassium dichromate, and ascribed to it the formula C,,H,,N3. 
He considered it to be a “triparatoluylenetriamine,” (C;H,);N;Hs,, 
and determined its molecular weight by analysing the platinum salt. 
Barsilowsky, however, after repeating Perkin’s experiments, adhered 
to his original view. In 1884, it was again examined by Klinger 
and Pitschke (Ber., 17, 2439), who prepared it by Barsilowsky’s 
method. They obtained results which supported the formula 
C.sH.N,, but came to the conclusion that the substance was an 
amidoazo-compound of the formula C,,Hy(NH)).*N:N-C;H,, and this 
they considered an explanation of its mstability towards acids. In 
confirmation of this view, they state that on reduction with stannous 
chloride they obtained paratoluidine and a base, C;,H3,N;, which they 
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call “ paraleucotoluidine” ; the latter was readily oxidised to a colour 
base, C,,H,,;N,0, which they call “ pararostoluidine.” 

It appeared to me that none of the above views were at all 
adequate to explain the properties of the compound, more particu- 
larly the extraordinary. ease with which paratoluidine is formed on 
treating it with a mineral acid. The fact that a stable leuco-com- 
pound was obtained on reducing either an acid or an alkaline solu- 
tion, and that this leuco-compound was readily reoxidised to the 
original substance, was not compatible with the assumption that it 
was an amidoazo-compound, but when taken in conjunction with the 
-instability of the original substance, at once suggested a strong 
analogy to the indamines. 

A molecular weight determination kindly made for me by 
Dr. Collie showed that the substance was formed by condensation of 
3 mols. of paratoluidine, and this confirms the conclusion arrived at 
by Dr. Perkin from his analysis of the platinum salt. As the 
analyses of Barsilowsky, Perkin, and Klinger and Pitschke all agree 
with the empirical formula C,H;N (see also Klingemann, Annalen, 
2:75, 95), the molecular composition of the compound must be cor- 
rectly represented by the formula C,,H.,N;, which was assigned to - 
it by Perkin. By boiling with aqueous hydrochloric acid, or by the 
action of an alcoholic solution of hydrogen. chloride at ordinary 
temperatures, it was found to split up quantitatively according to the 
equation 


C.,H2,N; + H,0 = Cy.H,yN,O + C,H,NH:. 


The product C,H,,N,O is further decomposed by longer boiling with 
acid, more paratoluidine being formed. From this it appears that 
the Barsilowsky compound contains two paratolylimide groups 
(-NC,H;), of which one is more readily eliminated than the other. 

By quantitatively reducing it with a cold standard solution .of 
stannous chloride, it was determined that in the formation of the 
lenco-compound 2 atoms of hydrogen were taken up. Consequently, 
as no splitting occurs in the reduction (since the product can be readily 
reoxidised to the original compound), the leuco-derivative must 
have the formula C,,H,,N;. It is a colourless, feeble base, and differs 
remarkably from the original Barsilowsky compound in being stable 
in the presence of acids and reducing agents. With chloroform and 
alcoholic potash, it gives the carbamine reaction, proving the presence 
of an unsubstituted amido-group. 

When the leuco-compound is boiled with formic or acetic acid, it is 
readily converted into a methenyl or an ethenyl derivative which is 
no longer oxidisable. With ortho-diketones, it forms coloured con- 
densation products. These facts demonstrate the existence of an 
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unsubstituted and a substituted amido-group relatively in the ortho- 
position, and, taken in conjuction with the presence of two paratolyl- 
imide groups in the original Barsilowsky compound, prove that the 
leuco-derivative is a diparatolyltriamidotoluene, and must be repre- 
sented by one of the following formule. 


NH; NH, 
ee ee 4 \sonon 
CH;: C,H, NH- \4 


7 


CH, CH, 
I. NH; II. 


( -NH-C,H,-CH; 
-NH.O,H,-CH; 


CH; 
III. 


Of these three alternative formule, I and III appear to be least 
probable, on account of the consecutive position of the amido-groups. 
Moreover, a substance so constituted should possess the characteristics 
of a metadiamine in which a para-position is free. Since, however, 
the leuco-compound does not combine with diazo-compounds, its con- 
stitution is probably represented by formula II. This conclusion was 
fully confirmed by a comparison of the properties of the leuco-com- 
pound and of the original Barsilowsky compound with those of dipara- 
tolylparatolylenediamine, CH,‘C,H;(NH°C,H,), [1:2:5], and its 
oxidation product, toluquinonediparatolylimide, CH,*C.H;(NC;H;). 
[1:2:5]. The comparison showed a great similarity in appearance 
and properties, entirely in accordance with the view that the former 
are amido-derivatives of the latter. 

Accordingly the Barsilowsky compound is amidotoluquinonedi- 
tolylimide, and has the constitution 

NH, 


\.N-C,H,-CH; 


CH;;: ae |, . 


CH, 
In complete agreement with this formula, I have succeeded in effect- 
ing the synthesis of the compound by conjoint oxidation of ortho- 
amidometaparaditolylamine and paratoluidine according to the equa- 
tion— 
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x 


-NH-C,H,-CH, =N-C,H,-CH;, 
+ CH;: O,H,: NH, + 0, = + H,0. 
CH; OH N= 


'H; - OH, 


The reaction takes place very readily, and a good yield of the substance 
is obtained. By employing other amines, such as aniline, in place of 
paratoluidine, homologous compounds are obtained, which exhibit 
similar properties. An attempt to synthesise the compound in 
another way, by introducing an amido-group into diparatolylpara- 
tolylenediamine, was unsuccessful, owing to the oxidisability of the 
substance. 

The Barsilowsky compound is not, by any means, the sole product 
of the oxidation of paratoluidine. <A large quantity of other sub- 
stances, insoluble in dilute acetic acid, are always formed simul- 
taneously, and appear to consist chiefly of products of decomposition 
of the Barsilowsky compound, together with parazotoluene. When 
the action takes place in the presence of acetic acid instead of a 
‘mineral acid, the parazotoluene becomes the main product. Thus 
the latter can be readily obtained in a pure state and in large quan- 
‘tity by adding an aqueous solution of potassium dichromate ($ mol.) 
‘to a solution of paratoluidine (2 mols.) in alcohol and acetic acid, 
filtering off the yellow precipitate of parazotoluene which separates 
after standing for a short time, washing with alcohol, and recrys- 
‘tallising it from glacial acetic acid. It is a remarkable fact that in 
preparing the Barsilowsky compound by means of potassium ferri- 
cyanide, a strongly alkaline solution must be employed; in acid solu- 
tion no oxidation takes place. It is also noteworthy that sodium 
‘peroxide has no action on paratoluidine, either in acid or alkaline 
solution. In considering the bearing of the above results in inter- 
“preting the mechanism of the changes involved in the oxidation, the 
following alternative views are possible. 

a. That the first product is amidotoluquinone, 


‘which then subsequently acts on paratoluidine to form the mono- and 
di-tolylimide. 
b. That the first product of the action is the oxthoteluquinonianide 
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J, which then combines with paratoluidine to form II, and this 
oxidises to III, and then finally acts on paratoluidine, 


NH, 


CH; 
III. 


c. That the orthotoluquinonimide is the first product, but is at 
once acted on by paratoluidine, forming IV, and that this combines 
with paratoluidine, giving V, which is finally oxidised. 


NH, 
(} 
\ 

CH; 
v. 


-NH-C;H; 


d. That the first product of the oxidation is parahydrazotolnuene, 
which, in presence of the acid, undergoes molecular change, in the 
known manner, to orthamidometaparaditolylamine; the latter base 
then oxidising together with paratoluidine, as shown above, 

e. That the first product is the compound VI, which then, by 

alternate addition and oxidation, takes up two paratoluidine residues 
in exactly the same way as quinone gives rise to dianilidoquinone 
by combination with aniline. 
' Against explanations a and b it may be urged that it is very im- 
probable that actions involving the condensation of quinone groups 
with paratoluidine to form tolylimide groups would take place under 
circumstances (a strongly acid solution) which have been shown to 
condition the reverse change. This objection, probably, also applies 
‘to c, but as, in this case, we are concerned with an orthoquinone, it is 
possible that, here, the tolylimide group may have greater stability. 
‘The fact that parazotoluene is always obtained in the oxidation, and 
that when acetic acid is substitued for a mineral acid, it becomes thé 
main ‘product, appears to speak strongly in favour of explanation d ; 
but against this is the fact that, by.employing ferricyanide as the 
oxidising agent, the change can be brought about in strongly alkaline 
solution, under which circumstances an isomeric change would 
scarcely be expected. For these and other reasons, it appears to me 
that explanation e is the most probable. 
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EXxpPpERIMENTAL 


Preparation and Properties of Barsilowsky’s Compound. 


A solution of 360 grams of potassium dichromate was added to a 
solution of 212) grams of paratoluidine and 400 grams of sulphuric 
acid in 10 gallons of water cooled to 5° by the addition of ice. After 
two or three hours’ standing, the chocolate-brown precipitate was 
quickly collected, washed with water, and rendered alkaline by am- 
monia. It was then stirred up with hot water containing a little 
caustic soda, washed, and. dried. The product (150 grams) is a 
mixture of Barsilowsky’s compound with parazotoluene and other 
substances, whose constitution has not yet been determined. In order 
to separate the compound, the mixture was dissolved in glacial acetic 
acid and the solution diluted with cold water. The dark-red solution 
of the acetate of Barsilowsky’s compound was quickly filtered from 
the insoluble precipitate of the other products, and the base was 
thrown down from the filtrate by the addition of caustic soda and 
ammonia (weight, 70 grams). The base thus obtained was further 
purified by extracting it with boiling alcohol, in which it is almost 
insoluble, drying the residue, and finally crystallising it from xylene. 
From the latter it separates in dark-red plates, which are sparingly 
soluble in most solvents. With acids, it forms salts which dissolve in 
water, yielding a maroon-red liquid, but they soon decompose even at 
ordinary temperatures, paratoluidive being regenerated. The base is 
very soluble in glacial acetic acid, forming a deep crimson solution 
which is tolerably stable. It dissolves in concentrated sulphuric acid, 
forming a beautiful intensely greenish-blue liquid. If this solution 
be poured upon ice and neutralised with ammonia, the original com- 
pound is recovered unchanged. This striking colour change is con- 
sequently a property of the substance and not of a product of its 
decomposition or change. On heating the blue solution, the colour 
changes to claret colour, paratoluidine being simultaneously re- 
generated. The base melted at 227°, uncorr. (Barsilowsky gives 
244— 245°; Perkin, 216—220°; Klingerand Pitschke, 220—225°), A 
determination of the molecular weight by Raoult’s method in acetic 
acid, for which I am indebted to Dr. Collie, gave the following 


result :-— 
Calculated for 
Found. C.,He,N 3 


Mol. weight.......sese+e. 320 315 
Decomposition of Barsilowsky’s Compound by Acids. 


It has already been noticed by Perkin, and by Klinger and Pitscke, 
that the Barsilowsky compound is easily decomposed by acids, para- 
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toluidine being regenerated. In order to study the change quantita+ 
tively, 10 grams of the powdered base were dissolved in 25 c.c. of 
glacial acetic acid and warmed with 50 c.c. of hydrochloric acid; 
finally boiling for five minutes until the red colour of the solution 
was destroyed. The mixture was then made alkaline with caustic 
soda, and the paratoluidine was distilled off with steam, separated, 


dried, and weighed. 
Found. Calculated. 


‘Yield of paratoluidine from 
10 grams of base....... 3°2 grams. 3°4 grams. 


This agrees with the equation 


NH, 
/\.N-CHyCH, 
+ 


2 


csc, } 


CH; 
+ CH;;: C,H, NH-.. 


The amidotoluquinonemonoparatolylimide thus formed could not 
be isolated, as the residue in the flask was a tarry mass difficult to. 
purify. I succeeded, however, in effecting its isolation by performing 
the decomposition in alcoholic solution instead of aqueous, under which: 
condition the action proceeds very readily and at a much lower 
temperature. 4 grams of the Barsilowsky compound were dissolved 
in 80 cc. of pure alcohol and 5 c.c. of hydrochloric acid (30: 
per cent.). On standing ‘for 15—20 minutes at about 25°, the 
colour of the solution had changed from maroon-red to reddish 
purple, and a drop taken out no longer dissolved in concentrated 
sulphuric acid with a blue coloration. The purple solution was. 
then poured. into water and ice, and the product precipitated 
by the addition of sodium acetate. The brown precipitate was 
collected, washed, dissolved in cold dilute hydrochloric acid, 
filtered from some insoluble matter, and the base precipitated by 
pouring into a dilute solution of sodium carbonate. The base was: 
then collected, dissolved in cold alcohol, filtered, and precipitated in 
the form of small reddish-brown crystals by slowly adding cold 
water. The yield was 2 grams (calculated, 2°87 grams). From the- 
mother liquors about 1 gram of paratoluidine (calculated, 1:35 grams)- 
was obtained by evaporating, neutralising with soda, and distilling with 
steam. The base is easily soluble in alcohol and other solvents, giving 
orange-coloured solutions. It melts at 143-—145°, uncorr. With 
acids, it forms reddish-purple salts, which on long boiling are decom- - 
posed, a further quantity of paratoluidine being regenerated. It 
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‘dissolves in concentrated sulphuric acid, forming a violet-red solution, 
which very quickly decomposes and changes to a light brown. It 
is also decomposed when boiled with strong aqueous caustic soda, 
giving a brown solution; a strong smell of carbamine being notice- 
able. A nitrogen determination gave 


Found. 
on - Calculated for 


r 


a I. C,,H,,N20. 
Nitrogen.... 12°55 12°41 12°39 per cent. 


The substance accordingly is a monoparatolylimide of amidotolu- 
‘quinone, and since, as will be shown later, the lower homologue of 
Barsilowsky’s compound, 

NH, 
| 
:N-C;H, 
C,H;N: 
CH, 


obtained from orthamidometaparaditolylamine and aniline), when 
decomposed with acid, yields paratoluidine and not aniline, it follows 
that the group removed is that in the ortho-position relatively to the 
NH, group, and that consequently the product of hydrolysis obtained 
from the Barsilowsky compound has the formula 


‘The compound appears to be identical with the so-called “ para- 
rostoluidine” of Klinger and Pitschke, obtained by oxidising the 
so-called “ paraleucotoluidine”.which these authors obtained by the 
action of stannous chloride and hydrochloric acid on the Barsilowsky 
compound. By reduction with zinc-dust, it is converted into a very 
oxidisable leuco-base, paratolyloxymetatolylenediamine, which is 
probably identical with the above “ paraleucotoluidine.” Hence, 
Klinger and Pitschke, in reducing the compound, effected the re- 
moval of a paratoluidine residue prior to the reduction, and the 
formule given by these authors to the products are incorrect. 


Reduction of Barsilowsky’s Compound. Formation of Diparatalyl- 
triamidotoluene.. 


. By reducing the red substance with ammonium sulphide, Barsi- 
Jowsky obtained a colourless, crystalline compound, which he called 
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“ liydrazotoluene.” I have found that this is the invariable. 
product of the reduction under all circumstances (when no de- 
composition occurs), e.g., in ethereal solution with zinc-dust and 
ammonia; with zinc-dust and acetic acid; with stannous chloride. 
and a cold acetic acid solution, &c. It is best prepared by 
dissolving the powdered base in cold glacial acetic acid, and 
then slowly adding zinc-dust until the solution is decolorised. On 
gradually adding hot water to the filtered solution, the leuco-base 
separates in colourless, shining plates, which are collected, washed, 
and dried. To determine the quantity of hydrogen required for the 
reduction, the following quantitative experiment was made. 5 grams 
of the ‘Barsilowsky compound in fine powder were suspended in 
25 c.c. of absolute alcohol, and dissolved by adding 50 c.c. of glacial 
acetic acid. To the carefully-cooled solution, an excess of a standard 
solution of stannous chloride in hydrochloric acid was added, and the 
excess titrated back with N/10 iodine until the permanent production 
of a blue colour indicated an excess of iodine. From the quantity of 
stannous chloride used, it was calculated that 315 grams of Barsi- 
lowsky’s compound (1 mol.) required 1°93 grams of hydrogen (theory 
2 grams) for reduction, which corresponds to the equation 


XI 
: s: C.H- (\ SECaLCH, 


CH;C,HyN: } CH;C,H, NH. | 
4 / 
CH, CH, 


The leuco-compound, diparatolyltriamidotoluene, crystallises from. 
diluted acetic acid or alcohol in colourless plates which melt at 
165—166°, uncorr. (Barsilowsky gives 170—172°; Klinger and 
Pitschke, 157—160°). As its solutions oxidise tolerably quickly on 
exposure to air, it is necessary, in preparing the substance, to work 
as rapidly as possible. 

A nitrogen estimation gave 


Theory for 
Found. CH;: C,H,(NEL) (N HC;H;). oo 


Nitrogen 3° 13°25 per cent. 


The leuco-compound is a very feeble base, its salts being at once 
decomposed by water. No further reduction takes place on long 
boiling with stannous chloride, neither is it decomposed by boiling 
with acids. It is readily reoxidised to the Barsilowsky compound 
by nitrous acid, ferric chloride, platinic chloride, chromic acid, and 
other oxidising agents. It dissolves in pure sulphuric acid forming a’ 
colourless solution, which at once becomes a beautiful blue on adding’ 
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sulphuric acid containing a trace of nitrous or nitric acid. It is also 
reoxidised on melting in the air or by passing air through the hot 
alcoholic solution, With chloroform and alcoholic potash, it gives 
the carbamine test faintly but distinctly. On adding to its acetic acid 
solution a solution of the Barsilowsky compound in the same solvent, 
a fugitive violet colour is produced, which rapidly vanishes, leaving 
the solution colourless. The same change is exhibited on partially 
oxidising an acetic acid solution of the leuco-compound, or by 
partially reducing an acetic acid solution of the Barsilowsky com. 


pound, 
Condensation of the Leuco-compound with Orthodiketones. 


The leuco-compound readily forms coloured condensation products 
with orthodiketones, such as dihydroxytartaric acid and benzil. 
Thus, on mixing cold acetic acid solutions of the base and benzil, a 
red coloration is at once produced; on diluting with water, and preci- 
pitating with ammonia,.a yellow, amorphous base is obtained, the 
salts of which dissolve sparingly in water, forming a bluish-red liquid. 
On adding hydrochloric acid, the red colour is first changed to blue 
and then to green. It dissolves in concentrated sulphuric acid, 
yielding a grey solution which becomes green on adding a little water, 
and finally gives a red precipitate on adding more. Hence, the sub- 
stance shows the characteristics of an azonium colouring matter, and 
probably has the constitution. 


C,H,-NH/ \-N—C-C,H, 


| |i 
on, )-X—Ou, . 
HO 0.H, 
A nitrogen determination of the not completely pure substance 


gave 
Found. Theory for above formula. 


Nitrogen........«. 7°09 8°2 per cent. 


Action of Acetic and Formic acids on the Leuco-compound. Formation of 
Anhydro-compounds. 


A mixture of 5 grams of the leuco-base and 20 grams of anhydrous 
formic acid was heated on the water bath for about 20 minutes until a 
drop of the solution no longer gave any coloration with chromic acid. 
The product was then poured into water, and neutralised with 
ammonia. The light-coloured, viscous precipitate was dissolved in a 
little alcohol, and boiled with hydrochloric acid for some time, so as to 
convert any formyl compound which might be present into anhydro- 
compound, Water was then added, the base thrown down by 
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ammonia; the base was again dissolved in alcohol, and pracipitated 
as the sparingly soluble, crystalline nitrate by adding nitric acid to 
the alcoholic solution, The nitrate was collected, washed with 
alcohol, again converted into the base, and the process repeated. 
The base was finally obtained as a white, amorphous powder which 
melted at 65—70°, forming a colourless liquid which, on cooling, 
solidified as a clear, glassy mass. It was readily soluble in solvents, 
separating in oily drops on cooling. I was long unable to obtain it in 
a crystalline form, but at last succeeded in doing so by adding a 
erystal of the homologous ethenyl compound (see below) to the 
solution in light petroleum. It then separated in clear, colourless, 
prismatic crystals which melted sharply at 119—120°. On cooling, 
however, it did not crystallise, but solidified in the form of a clear, 
glassy solid which again showed the melting point of the amorphous 
substance, namely, 65—70°. Hence, the base appears capable of 
existing in two allotropic modifications, of which one is amorphous, 
and melts at 65—70°, and the other crystalline, and melts at 
119—120.° 
A nitrogen determination gave 


Theory for C..H,N3. 
Nitrogen. ’ 12°88 per cent. 


An analysis of the platinum salt gave 
Theory for 
' (C22H2,N3)2,H2PtCl,, 
Platinum........ ; 18°49 per cent, 


The substance is accordingly a methenyldipzratolyltriamidot oluene, 


C;H, oe r Sou. 
CHy\ /-N 
0;H, 

It is a rather feeble base, forming sparingly soluble, crystalline, 
colourless salts. The hydrochloride forms small needles, tolerably 
soluble in alcohol, but only very sparingly in water. The nitrate is 
very slightly soluble, both in water and in alcohol. The platino- 
‘Chloride forms a crystalline, orange precipitate, tolerably soluble in 
alcohol, sparingly in water. The base and its salts are not oxid- 
isable. 

The homologous ethenyldiparatolyltriamidotolueng, 


C;H,-NH- 
ea O-CHs, 


C;H, 
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was prepared in a similar manner by boiling the leuco-base with 
glacial acetic acid until it no longer gave a red colour on oxidation, 
The product was purified in the same way as the methenyl com- 
pound. It was very similar to its lower homologue in appearance and 
properties, and crystallised from light petroleum in small, clear, 
colourless prisms, which melted sharply at 162—163°. 

A nitrogen determination gave 


Found. Theory for C.;H23N3. 
Nitrogen........ 12°64 12°35 per cent. 


An analysis of the platinum salt gave 


Theory for 
Found. (Cz3H93N 3) 9H2PtCl 6° 
Platinum ....... 1838 18°02 per cent. 


It is a rather feeble base. The nitrate crystallises in very small, 
colourless needles, very sparingly soluble in water and alcohol. The 
hydrochloride crystallises from boiling water in very sparingly 
soluble, colourless needles. 


Synthesis of Barstlowsky’s Compound. 


In further support of the conclusion that Barsilowsky’s compound 
must be regarded as a diparatolylimide of orthamidotoluquinone, I 
have succeeded in preparing it synthetically by the conjoint oxidation 
of orthamidometaparaditolylamine and paratoluidine. 

The orthoamidotolylamine was prepared by the “semibenzidine 
change” from parahydrazotoluene (Tauber, Ber., 25,1019). After 
recrystallisation from light petroleum, it melted at 106° (Tauber 
gives 107°). The oxidation was performed as follows. A cold solu- 
tion of 6 grams of chromic acid in 50 c.c. of glacial acetic acid was 
slowly added to a carefully cooled solution of 9 grams of orthamido- 
ditolylamine, and 5 grams of paratoluidine in 50 c.c. of glacial 
acetic acid. A dark-red solution was at once formed, which was 
poured into ice-cold water, and the hydrochloride precipitated by 
adding brine. The precipitate was quickly collected, washed, and 
decomposed by ammonia. The base was then washed with hot 
alcohol, to remove tarry bye-products, and finally dried and crystal- 
lised from xylene. The yield was 5} grams. It formed the charac- 
teristic dark red plates, melted at 225—-226°, dissolved in concentrated 
sulphuric acid forming a bright blue solution, gave on reduction the 
leuco-base of m. p. 165°, and in all its reactions showed itself identical 
with Barsilowsky’s compound. That the product did not arise by 
simple oxidation of the paratoluidine was proved by the yield, and 
by the fact that a comparative experiment made under the same 
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conditions, but with paratoluidine only, did not give a trace of the 


red compound. 
By substituting aniline for paratoluidine, I have prepared the lower 


homologue, 
NH, 


:NC;H, 
C,;H;N: \ 
CH, 


The yield is not nearly so good in this as in the previous case, 
owing to the simultaneous formation of a colouring matter of the 
safranine series. The best result was obtained as follows. A cold 
solution of 10 grams of potassium dichromate in 100 c.c. of water 
was added to a mixture of 10 grams of orthamidoditolylamine and 
10 grams of aniline dissolved in 100 c.c. of glacial acetic acid, and 
cooled in a freezing mixture. The product was poured into water, 
the hydrochloride precipitated by salt, collected, decomposed by 
ammonia, and the base purified by washing with alcohol and crystal- 
lisation from xylene; it formed dark red plates, closely resembling 
the Barsilowsky compound in appearance and properties. It melted 
at 204°, and dissolved in concentrated sulphuric acid yielding a 
bright blue liquid, a trifle redder in shade than that given by its 
lomologue. Like the latter, it is a basic colouring matter, dis- 
solving in acetic acid forming a crimson-red solution, and yielding 
unstable salts with acids. 

A nitrogen estimation gave 


Found. Theory for CypH, N3. 
Nitrogen 13°95 per cent. 


On reduction with zinc-dust and acetic acid, it gave a leuco-com- 
pound, crystallising in small, colourless plates, which melted at about 
120°. Like the Barsilowsky compound, it was readily decomposed 
by boiling with dilute acids, paratoluidine being regenerated. No 
aniline could be detected, and the decomposition is consequently 


represented by the equation 
NH, NH, 
| 
:NC;H, 


:0 
+ H,O = | | + G)H,-NH,. 


CHIN / at 
CH, CH; 


As already mentioned, a colouring matter of the safranine series is 
formed as a bye-product in the conjoint oxidation of aniline and 
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orthamidoditolylamine. It was precipitated as hydrochloride on 
adding salt to the ammoniacal mother liquors, and was purified by 
dissolving two or three times in water, filtering, and precipitating 
by salt. It formed a reddish-brown powder, readily soluble in water 
and alcohol, affording a crimson-red solution, not readily basified. 
With concentrated sulphuric acid a nearly colourless solution was 
obtained, which, on adding water, became first bright green, and 
then crimson, but without passing through blue and violet. Hence 
it resembles phenylrosinduline in character, and may possibly have 
the constitution 


CH, /\-n-<™, 


C;HeNH-. }-N-. _'CR,- 
ili CAS . 
ci OH; 


A nitrogen estimation gave 
Theory for 
Found. Cog HogN5Cl. 


Nitrogen.......-. 11°8 11°6 per cent. 


/~\-NE-C-H; . 
Preparation of Diparatolylparatolylenediamine, C;H,-NH-! | 


CH; 

A mixture of 40 grams of hydrotoluquinone with 160 grams of 
paratoluidine and 80 grams of zinc chloride was heated during four 
or five hours at a temperature rising from 200° to 280°. The product 
was repeatedly extracted with water and hydrochloric acid, and then 
boiled with light petroleum. On cooling, the compound crystallised 
out, and was further purified by dissolving it in glacial acetic acid 
and slowly precipitating by the addition of water. As thus obtained, 
it formed colourless, glistening plates, melting at 112—113°. 

A nitrogen determination gave 

Found. 


ce F Theory for 
a Ca Ho) 2° 


Nitrogen 9°82 9°27 per cent. 


In its appearance and all its properties, the ditolylparatolylene- 
diamine exhibits great analogy to the leuco-derivative of the Bar- 
silowsky compound. Thus, with pure concentrated sulphuric acid it 
gives a colourless solution, which becomes bright blue on adding a 
trace of nitrous or nitric acid. Its hot alcoholic solution becomes 
orange on exposure to air, in consequence of its oxidation to tolu- 
quinonediparatolylimide. Its basic properties are very slight. 
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/\.:NO,H; 
Preparation of Toluquinonediparatolylimide, C;H;N | 


OH; 


This compound is readily formed by the oxidation of ditolylpara- 
tolylenediamine, but, owing to its great instability in presence of 
acids, the oxidation must be performed in alkaline solution. The 
following method gave the best result. 5 grams of ditolylpara- 
tolylenediamine were dissolved in alcohol, and the hot solution slowly 
mixed with a strong aqueous solution of ammoniacal cupric nitrate. 
The red, crystalline precipitate was collected, washed with dilute 
ammonia, and then with a little spirit, and finally recrystallised from 
weak alcohol. The yield was 45 grams. It crystallises in orange 
red, prismatic needles, which melt at 145—146°. 

A nitrogen determination gave 


Found. 
nn Theory for 
I. U. Cx HaNo. 
Nitrogen ...... eee 9°22 9°57 9°33 per cent. 


In appearance and properties, it presents a marked similarity to 
the Barsilowsky compound, entirely in accordance with the view that 
the latter is the amido-derivative of the former. It is easily soluble 
in alcohol and light petroleum, very soluble in benzene and toluene. 
The solutions have the same orange colour as those of the Barsilowsky 
compound; it is not so basic as the latter, but dissolves in dilute 
acids with a similar maroon-red coloration. 

The acid solution is excessively unstable, the colour changing to 
brown, in the course of half a minute, at the ordinary temperature. 
On heating to boiling, the brown colour changes to yellow, and tolu- 
quinone distils over with the steam. After boiling off the toluquinone 
and making alkaline, paratoluidine can readily be recognised and 
distilled off. Hence, the substance is decomposed according to the 
equation 


CH OEL<y. CH + 2H,0 = CHy0.H.<0 + 2C,H,NH,. 


Like the Barsilowsky compound, it dissolves in concentrated sulph- 
uric acid with an intense, bright blue colour, and of nearly the same 
shade; on adding water, the solution becomes first maroon, but 
almost instantly changes to brown from decomposition. On mixing 
acetic acid solutions of toluquinoneditolylimide and ditolylpara- 
tolylenediamine, a bright blue solution is obtained, which, on 


acu 
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the addition of a little hydrochloric acid and dilution with water, 
gives an extraordinarily bulky, greenish-blue precipitate. The 
same result is obtained by partial reduction of toluquinoneditoluidide, 
or by partial oxidation of ditolylparatolylenediamine, in acetic acid 
solution. This peculiar action is quite analogous to the formation of 
the fugitive violet colour, already mentioned as taking place on 
mixing acetic acid solutions of the Barsilowsky compound and its 
leuco-base, and is probably due, in both cases, to the production of a 
quinhydrone-like compound. By completely reducing toluquinone- 
ditolylimide in acetic acid solution by means of zinc-dust, ditolylpara- 
tolylenediamine is re-formed, and, on adding water, crystallises out in 
white, glistening plates melting at 112—113°. 

In conclusion, I desire to express my thanks to Messrs. Brooke, 
Simpson, and Spiller, in whose laboratory, at the Atlas Works, 


the above research was carried out. 


CIII.—The Normal Butylic, Heptylic, and Octylic Ethereal Salts of 
Active Giyceric acid. 


By Percy Frankxtand, Ph.D., B.Sc., F.R.S., and Jonn MacGrecor, 
M.A., late Forster Research Scholar in University College, 


Dundee. 


In a previous communication (this vol., 511), we have described 
the preparation and properties of the methylic, ethylic, propylic, iso- 
propylic, normal and secondary butylic, and isobutylic derivatives of 
both inactive and active glyceric acids. We there showed that the 
rotation was increased step by step in passing from the methylic to 
the isobutylic compounds ; but that the normal butylic glycerate 
exhibited a rotation not only inferior to that of the isobutylic, but 
even lower than that of the propylic or isopropylic compounds. This 
anomalous behaviour of the normal butylic compound we attributed 
in part to the obvious impurity of the product (as proved by range of 
boiling point and unsatisfactory figures on analysis), but also, in part, 
to the rotation of the normal butylic glycerate being really excep- 
tional. The anomalous rotation exhibited by the product in question 
has led us not only to renew our endeavours to obtain the normal 
butylic glycerate in a state of purity, but also to prepare two more 
extreme members of the normal series of ethereal salts, namely, the 
heptylic and octylic glycerates, for the purpose of comparison. Our 
re-preparation of the normal butylic salt, which we have now ob- 
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tained in a state of purity, as well as the preparation, for the first 
time, of the heptylic and octylic salts of active glyceric acid, form 
the subject of the present paper. 


Active Normal Butylic Glycerate, 
OH-CH,’CH(OH):COO-CH,°C H,CH,'CH;. 

In order to insure the purity of this salt, we commenced by very 
carefully fractioning the normal butylic alcohol obtained from Kahl- 
baum, until a product was obtained of uniform boiling point, 
116°5—117°8°, and of density unalterable by further fractionation, 
namely, 0°8157—0°8159 at 15°/15°. 

33 grams of active glyceric acid were then digested with an excess 
of this purified normal butylic alcohol during eight hours at about 
160° in a sealed tube. The contents of the tube were fractionally 
distilled in a vacuum on an oil bath. 21°44 grams of crude salt were 
obtained, exhibiting an observed rotation 


(%)p = —13°40° at 17° (in 99°2 mm. tube). 

This product was dried with calcium chloride, and again fraction- 
ated in a vacuum; the principal fraction, weighing 16°84 grams, had 
an observed rotation 

(%)p = —28°55° at 18° (in 198°4 mm. tube). 

This was refractioned in a vacuum, and the principal product now 

had an observed rotatiou 


(a)p = —14°50° at 17° (in 99°2 mm. tube). 


On again fractionating in a vacuum, the principal product exhibited 
exactly the same rotation, indicating that the maximum degree of 
purity had been reached. The density at 15°/15° was found to be 
11084, from which follows the specific rotation 


145 
[“]> = 5-992 x 11084 = 


The boiling point of this compound was 138°5° at 16 mm. pressure. 
The purity of the substance was further demonstrated by hydro- 
lysis with alcoholic potash. 


—13°19 (at 17°). 


Parts of KOH required to 
hydrolyse 100 parts 
of substance. 


34°88 
34°74 
Theoretical for batyiie glycerate 34°57 
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On combustion, 


0°2789 gave 0°5272 CO, and 0°2186 H,O. C = 51°56; H = 8°71. 
C,H,,O, requires C = 51°85; H = 8°54 per cent. 


Active Heptylic Glycerate, OH-CH,*CH(OH)-COOC,H,;. 


Some difficulty was experienced in preparing this and the octylic 
salt, in consequence of the heptylic and octylic alcohols not dissolving 
glyceric acid, so that the alcohol and acid were only in very restricted 
contact with each other in the sealed tube, leading, of course, to a 
very much retarded interaction of the two substances. This difficulty 
was successfully overcome by placing the tube oven in which the 
sealed tubes were heated on a rocker, so that the contents of the 
tubes could be frequently shaken up during the digestion. 

The active glyceric acid was digested with an excess of heptylic 
alcohol (b. p. 175—177°), in sealed tubes, at 150—160° during six 
hours. The contents of the tubes were then submitted to fractional dis- 
tillation in a vacuum; the principal fraction was dried with calcium 
chloride, and then repeatedly fractionated in a vacuum, until the 
principal fraction underwent no further change, either in density or 
rotatory power, by further fractional distillation. In this manner a 
product was ultimately obtained of density 1°0390 at 15°/15°, and 
exhibiting a rotation 


(a)p = —11°65° at 18° (in the 99°2 mm. tube). 
from which follows the specific rotation 


a —1165 
[@]> = 9-992 x 1-0390 = 


—11:30 at 18°. 


The boiling point was 173—175° under 14 mm. pressure ; tempera- 
ture of oil bath, 210—220°. 
The purity of this heptylic glycerate was ascertained by hydrolysis 
with alcoholic potash, and by combustion. 
Parts of KOH required 


to hydrolyse 100 parts 
of substance. 


cecccces coccccccccce.s 7°93 
Theoretical for heptylic glycerate 27°45 


On combustion, 

0°2242 gave 0°4810 CO, and 0°1982 H,O. C = 58:52; H = 9°82. 

02120 ,, 04543 ,, ,, 01872 ,, C = 58:44; H = 9°81. 

02925 ,, 0°6280 ,, ,, 02587 ,, C = 58°54; H = 9°83. 
CyoHO0, requires C = 58°82; H = 9°80 per cent. 
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In order to determine whether the activity of the glyceric acid had 
remained unimpaired in the preparation of these salts, we performed 
the following experiment. 

15671 gram of active heptylic glycerate was hydrolysed with an 
aqueous solution of barium hydrate; the liquid was boiled to free it 
from the liberated heptylic alcohol, after which it was saturated with 
carbonic anhydride, and boiled to precipitate the excess of barium as 
carbonate. After filtration, the liquid containing the bariuin glycerate 
was concentrated to definite bulk (184 e.c.), and the rotation 
(x = —1°55) determined with the polarimeter; the concentration was 
ascertained by means of a barium estimation in an aliquot part 
(c = 7°045 per cent.), from which data follows the specific rotation of 
anhydrous barium glycerate 


—1°55 x 100 
[“]> = [oea x 70d5 = 1109. 


The specific rotation of anhydrous barium glycerate has been pre- 
viously determined by one of us (this vol., p. 299), as 10°01 for a 
solution of 10 per cent. concentration. The above result, therefore, 
clearly shows that the activity of the glyceric acid had undergone no 
change in the process of etherification. 


Active Octylic Glycerate, OH-CH,-CH(OH)-COOC,H,;. 


The octylic alcohol employed was obtained from Kahlbaum, but 
was fractionated before use, and only that portion boiling at 
195—197° was employed. 

The active glyceric acid was digested with an excess of octylic 
alcohol in a sealed tube at 145—155° during 10 hours. Owing to 
the immiscibility of the alcohol and acid, the rocking arrangement 
referred to in the preparation of the heptylic glycerate was employed 
with advantage. The contents of the tube were subsequently re- 
peatedly fractionated in a vacuum, until the rotation underwent no 
change on further fractionation. The final product, which exhibited 
a faint fluorescence, distilled over at 181—183° (temp. of oil bath 
225—229°) under a pressure of 13 mm. of mercury. The density at 
15°/15° was 10263, and the observed rotation in the 99°2 mm. tube, 
—10°40° at 19°, corresponding to the specific rotation 


— 7 
[“]> = 0-992 x 10263 = 


—10°22° at 19°. 


The rotation of this salt appears to be but very slightly affected by 
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differences of temperature; thus the following rotations were observed 
at the temperatures indicated. 


(a]p = —10°40° at 17-2° 
—10-40 ,, 195 
—1045 ,, 20°5 


The octylic glycerate yielded the following results on hydrolysis 


and combustion. 
Parts of KOH required 
to hydrolyse 100 parts 
of substance. 


(1) ccrcccreccccccvecesesesese 26:17 
Theoretical for octylic glycerate.. 25°69 


I. 0:2000 gave 04414 CO, and 0°1803 H,O. C = 60°20; H = 10°01. 

II. 01976 ,, 04871 ,, , 01795 ,, C=6032; H= 10°09. 

III. 0°2238 ,, 04942 ,, ,, 02029 , C=6023; H=10°08. 
C,,H,,0, requires C = 60°55; H = 10°09 per cent. 


On keeping a sealed tube containing some octylic glycerate in the 
cold, the contents were found to have become solid; the crystals, 
which were of a laminar form, melted at 22°5°. The heptylic salt 
did not become solid under the same conditions. 


General Characters of the Ethereal Salts of Active Glyceric acid. 


In the following table (p. 1415), we have recorded the density and 
rotatory power of the several ethereal salts of active glyceric acid 
which we have up to the present prepared. 

The table exhibits the following relationships between the several 
members of this homologous series. 

1. The densities continuously diminish and approach more and 
more nearly to 1 as the molecular weight increases. The difference 
in density for each increment of CH, diminishes in ascending the 
series. These relations are more conspicuously brought out in the 
following paper (see p. 1419) by means of curves indicating the densi- 
ties and molecular volumes of the several compounds. From the 
diagram there given, it will be seen that whilst the density curve 
tends to become asymptotic, the molecular volumes of the ethereal 
salts with normal radicles lie on an almost straight line. The 
molecular volumes of the isopropylic and isobutylic salts lie on a 
straight line slightly above and parallel with the other. 

2. The rotations exhibited by the members of this series are 
extremely interesting; our reinvestigation of the rotatory power of 
the normal butylic, coupled with the additional information concerr- 
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ing the optical activity of the heptylic and octylic salts, now place 
altogether beyond doubt the phenomenon which was already to be 
inferred from the data given in our former paper, namely, that the 
optical activity does not increase indefinitely in ascending such an 
homologous series, but that a maximum rotation is rapidly reached, 
which is followed by a gradual decline as the molecular weight is 
further augmented. In our series of homologous glyceric ethereal 
salts with normal radicles, the maximum is apparently attained in the 
specific rotation of the normal butylic compound, the activity of the 
heptylic and octylio salts being distinctly lower, although the curve 
is very flat in this region (see diagram below). 

During the progress of this investigation, a paper by MM. Ph. Guye 
and L. Chavanne (Compt. rend., 116, 1454) has appeared, in which 
they endeavour to deduce from theoretical considerations this re- 
markable phenomenon of a maximum rotation in an homologous 
series of compounds. Thus, employing the figures contained in our 
previous paper on the ethereal salts of glyceric acid, they make the 
following calculations for the series. 


rotation, rotation. [8 ]p. (P x 105). 


Glycerates. 
[a }p. (M Jp. 


| Specific Molecular 


Methylic .......00065| = 480 | — 5°76 —27°9 239 
Ethylic . ccoccee| = 9°18 —12 30 —52°8 345 
eamiie (normal) . cvee —12 94 —19 15 -74°9 358 
Rutylic (normal)......| —11°02 | 17°85 —64°6 347 
Isobutylic | —14°23 | —23°05 —82°9 (347) 
Propyue (secondary or; —11°82 | —17°49 —67°8 358 


—17°14 —61°7 347 


B atylic (secondary) . —10°58 


It should be pointed out that in the above table [é]p stands for 
what Guye calls molecular deviation, and which is calculated from the 
formula 


M 
Llp = L a’ 


in which @ is the observed angle of rotation, L the length of the 
polarimeter tube, M the molecular weight, and d the density. 

The advantage claimed for this constant is that it compares the 
rotations of lengths of liquid containing the same number of molecules ; 
P in the above table, on the other hand, stands for the product of 
asymmetry, which may be calculated, if the four different masses 
(a, b, c, d) attached to the asymmetric carbon atom are supposed to 
be concentrated at the apices of the tetrahedron, by the formula 


Seed feed feed Geel Ged Oe a i(‘iékd 
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P= (a — b)(a —c)(a— d)(b —c)(b — d)(c — d) (Lsin a)*, 
(a+b+e+u)° 
In the figures. calculated by Guye in the above table, the factor 
(1 sin a)* is neglected, whilst P is multiplied by 10°, in order to avoid 
fractions. 
Guye and Chavanne have also prepared an homologous series of 
ethereal salts, derived from an active valeric acid, and have made the 


following similar calculations for them. 


[M]p. [S]p- | (P x 10%), 


[a]p- 


We OE 0.0004 4046060000 +13 *64 +13°91 


Methylic valerate ............| +16°83 | +10°53 | +755 | 332 
Ethylic 99 eecccccccces| +13 °44 +17 °47 +61°8 | 374 
Propylic (norm.) valerate .....}| +11°68 + 16°82 +55 °2 364 
Butylie (norm.) cccoe| 10°C +16°75 +51°7 | 351 
Isobutylic - eee +10°48 + 16°56 +51°0 | (361) 
Benzylic < . shoe + 5°31 +10°20 +30°2 | (221) 


Thus, according to these calculated values of P, the predicted 
maximum rotation falls on the normal propylic glycerate and on the 
ethylic valerate for the two normal series of salts, whilst for the 
secondary series of salts, representatives of which have only been 
prepared in the case of glyceric acid, the predicted maximum falls on 
the isopropylic compound. The experimental maxima, again, as 
given in the above tables, similarly fall on normal propylic glycerate 
for the normal series, and on isopropylic glycerate for the secondary 
series, whilst the experimental maximum falls on methylic valerate 
for the normal series. With the corrected rotation for normal butylic 
glycerate which we are now able to supply, however, the values for 
this salt become 


[a]p = —13:19; [M]p = —21°37; [é]p = —77°0, 


and are, therefore, the experimental maxima in the series. 

Thus, neither in the case of the glycerates nor in that of the 
valerates is the coincidence between the predicted and observed 
maximum rotation complete, for, in both series of compounds, the 
experimental maximum falls on the next higher term to that on 
which falls the maximum deduced from the calcalated value of P 
(product of asymmetry). Striking enough as are these very close 
coincidences between calculation and experiment, they require some 
criticism. Thus, in the first place, the series of valerates prepared 
by Guye and Chavanne cannot be regarded as a very satisfactory one 
for a crucial experiment, inasmuch as the valeric acid employed was 
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not a single substance, but must have been a mixture of an active and 
an inactive acid, as it was prepared by oxidation from an active amy| 
alcohol having a rotation [«]p = —4°40, whilst the purest active 
amyl alcohol prepared by Le Bel (Bull. Soc. Chim., [2], 21, 542) 
exhibited the rotation [¢]p = —5°6 to —5°7. But if the valeric acid 
employed consisted of a mixture of active and inactive molecules, it 
is surely open to very considerable doubt whether the active and 
inactive acids would etherify to the same extent or in the same pro- 
portions with the different alcohols employed. In this connection, 
we need only refer to the phenomenon recorded by Le Bel, that active 
amyl alcohol and hydrogen chloride interact much less easily than 
inactive amyl alcohol and hydrogen chloride.* Although, therefore, 
the values given above for the rotations of the valerates may be strictly 
proportional to the rotations of the unknown pure active valerates, 
the element of doubt which necessarily attaches to them obviously 
renders this series of compounds ill suited for testing the coincidence 
between theoretical calculation and experiment. The uncertainty 
attaching to the results obtained for the series of valerates is em- 
phasised by the fact that Pierre and Puchet (Compt. rend., 116, 1456, 
foot-note) had previously obtained values for the rotatory power of 
these ethereal salts in which the ethyl compound exhibited the 
maximum rotation. 

Our own series of glyceric ethereal salts is not open to this sus- 
picion, inasmuch as all the members were prepared from pure 
active calcium glycerate, and we have proved, by actual experiment, 
that the barium glycerate obtainable by the hydrolysis of the salt 
with barium hydrate has the same rotation as barium glycerate 
prepared directly from the active calcium glycerate with which we 
started. This homologous series of glyceric ethereal salts proves, 
beyond all doubt, that there is a maximum rotation, the highest rota- 
tion observed in the normal series being that of the butylic compound, 
whilst the rotations of the heptylic and octylic compounds are dis- 
tinctly inferior. As, however, we have not yet prepared the inter- 
vening normal pentylic and hexylic glycerates, it is impossible to say 
whether the real maximum may not fall on one of these compounds, 
although, from the character of the curves given below, it appears 
improbable that it should. 

The complete coincidence between calculation and experiment 
obtained in the case of the secondary ethereal salts of glyceric acid, 
based, as it is, on the examination of only two compounds (isopropylic 
and secondary butylic glycerate), cannot either be regarded as more 
than a provisional confirmation of M. Guye’s suggestive theory. 


* A result recently confirmed by Rogers (this vol., p. 1130). 


C1V.—The Ethereal Salts of Diacetylglyceric acid in relation to the 
connection between Optical Activity and Chemical Constitution. 


By Percy Frankianp, Ph.D., B.Sc., F.R.S., and Joun MacGregor, 
M.A., late Forster Research Scholar in University College, 
Dundee. 


In a previous communication, we have shown the manner in which 
the rotatory power of active glyceric acid is affected by the substitu- 
tion of the carboxylic hydrogen by the alcohol radicles, methyl, 
ethyl, propyl, isopropyl, normal buty!, secondary butyl, and isobutyl. 
The outcome of this investigation was the highly remarkable result 
that by thus weighting the carboxyl group the optical activity in- 
creases step by step until a maximum is attained in the isobutylic 
compound, beyond which no further increase takes place even if, as 
we have more recently shown (see preceding paper), higher radicles, 
such as heptyl and octyl, are introduced. 

The present communication records the results we have obtained 
in the investigation of the effect on the optical activity of some of 
the above ethereal salts by replacing the two hydroxylic hydrogens 
in their molecules by two acetyl groups. To this end we have pre- 
pared the methylic, ethylic, propylic, isopropylic, and isobutylic salts 
of diacetylglyceric acid, and have determined their specific rotation, 
besides other constants. 

These compounds have a particular interest in connection with the 
views recently advanced by Guye aud Crum Brown concerning the 
qualitative and quantitative evaluation of the dissymmetry of active 
molecules by taking into consideration the relative masses of the 
groups attached to the asymmetric carbon atom, and to which we 
have repeatedly referred in previous communications. Thus, on 
examining the formule of these substances in connection with those 
of the ethereal salts of glyceric acid, it will be seen that there isa 
remarkable relationship between the masses of the groups attached 
to the asymmetric carbon atom :— 

(31) (73) 
CH,OH CH,0-C,H;0 
(1) H-C-0H (17) (1) H-C:0-C,H;0 (59) 


COOCH; 4 OO CH; 
(59) (59) 
Methylic glycerate. Methylic diacetylglycerate. 
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(31) (73) 
CH,OH CH,-0-C,H,O 
(1) H-¢-OH (17) (1) H:C-O-C,H;0 (59) 


COOC.H, ¢00C.H; 
(73) (73) 
Ethylic glycerate. Ethylie diacetylglycerate. 
(31) (73) 
CH,OH ¢ H,"0°C,H;0 
COOC;H, 
(87) 
Propylic glycerate. Propylic diacetylglycerate. 
(31) (73) 
H,OH CH,-0-C,H;0 
(1) H-C-OH (17) (1) HG-0-C,H;0 (59) 
COOC,H, COOC,H, 


(101) (101) 
Isobutylic glycerate. Isobutylic diacetylglycerate. 


Thus, whilst in methylic glycerate all the four groups are of un- 
equal mass, in methylic diacetylglycerate not only are the masses 


of two groups equal, but the carboxyl group is no longer the heaviest. 
In ethylic glycerate again, all four groups are of unequal mass, but in 
ethylic diacetylglycerate two groups become of equal mass, although 
not the same two as are equal in methylic diacetylglycerate. In the 
remaining four compounds, disparity exists throughout between the 
several groups. 

We shall return to the consideration of these relationships after 
describing the experimental part of our work. 


Methylic Diacetylglycerate, CH,(OC,H,O)*CH(OC,H,O)-COOCH;. 


Inactive-—After several preliminary experiments, we ultimately 
adopted the following as the most convenient and successful method 
of preparation. 

18°5 grams of methylic glycerate (obtained by heating methylic 
alcohol and glyceric acid together in a sealed tube; see this vol., 
p. 296) were introduced through a dropping funnel into a Wurtz 
flask containing 35 grams, a considerable excess, of acetyl chloride; 
the latter was kept in circular motion and warmed by an oil bath to 
about 50° during the addition, The action is accompanied by an 
abundant evolution of hydrogen chloride and vapour of acety] chloride, 
and the lateral tube of the Wurtz flask may with advantage be 
directed into a bunsen flame, which greatly reduces the unpleasant- 
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ness of the operation. The excess of acetyl chloride was then dis- 
tilled off, and the residual liquid added to a fresh quantity of acetyl 
chloride, without, however, any further action taking place. On 
subsequent distillation, the acetyl chloride was easily removed, whilst 
the main distillate, amounting to 26°57 grams, was obtained be- 
tween 140° and 144° under greatly reduced pressure. This fraction 
was redistilled ina vacuum, and the density of the distillate A, which 
all came over below 142°, was found to be 1:2076 at 15°/15°. This 
fraction was redistilled in a vacuum, the whole passing over below 
141°, and the density of this distillate at 15°/15° was found to be 
12000 ; it was therefore redistilled and divided into two fractions, 
B and C, the densities of which at 15°/15° were respectively 
found to be B = 12001 and C = 1°1991, or practically identical. In 
order to determine the relative purity of these several products, one 
portion of A and two portions of C was submitted to hydrolysis with 
alcoholic potash, and subsequently titrated with hydrochloric acid 
and phenolphthalein, with the following results. 


Parts of KOH required to 
hydrolyse 100 parts of product. 


Fraction A 


” 


Theory for methylic diacetylglycerate 
methylic monacetylglycerate 


” 


These figures clearly show that the product was the diacetyl- and 
not the monacetyl-glycerate. 

Active Methylic Diacetylglycerate——This was prepared in the same 
way, excepting that active instead of inactive methylic glycerate and 
excess of acetyl chloride were allowed to interact. The active 
methylic glycerate prepared for this purpose exhibited exactly the 
same rotation, [a]p = —4°80, as that which we originally found and 
recorded in our previous commanication (this vol., p. 296). 

17:25 grams of the active methylic glycerate were mixed with 
60 grams of acetyl chloride, the excess of acetyl chloride was driven 
off, and the remaining liquid submitted to fractional distillation in a 
vacuum. The principal fraction amounted to 25°58 grams, and ex- 
hibited an observed rotation 


(a)p = —28°15° at 16° (in the 198°4 mm. tube). 


This product was redistilled in a vacuum, the principal fraction 
now exhibiting an observed rotation 


* This low figure was doubtless obtained through an error, as this was the first 
hydrolysis performed, 
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(a)p = —28°45° at 14° (in the 198°4 mm. tube). 
= —29-05° at 17° ( ‘. me ). 


This was again redistilled in a vacuum, and the: principal frac- 
tion now exhibited practically the same rotation as before, thus, 
(@)p = —14°35° at 14° (an the 99°2 mm. tube). 


The density at 15°/15° was 1:1998, or practically identical with 
that obtained above for inactive methylic diacetylglycerate. The 
specific rotation may, therefore, be calculated 


” 


—865 ° 
[@> = por i993 = — 1204 at 15°. 


The purity of the product was demonstrated by hydrolysis with 


alcoholic potash. 
Parts of KOH 


required to hydrolyse 
100 parts of product, 


On combustion, 

0°2153 gave 0°3689 CO, and 0°1154 H,O. C = 4672; H = 5°95. 

02206 , 03785 , , 01178 ,, C = 46°78; H = 5°94. 
C.H,.0; requires C = 47:06; H = 5°88 per cent. 


Ethylic Diacetylglycerate, CH(OC,H;0)-CH(OC,H;0)-COOC,H;. 


Active.—Owing to the complete coincidence of the boiling points 
and densities of the inactive and active methylic diacetylglycerates, 
we did not consider it worth while to prepare any of the other 
inactive compounds, and therefore confined our further attention to 
the active isomers only. 

10°3 grams of pure active ethylic glycerate (giving a rotation of 
—11° in the 99°2 mm. tube at 20°) were added to an excess of acetyl 
chloride in the manner already described. On distilling in a vacuum, 
we obtained 14°08 grams of crude product, which passed over almost 
without residue between 144° and 146°. 

This gave the following rotations in the 198'4 mm. tube. 


(@)p = —37'2° at 18°5°. Density at 15°/15° = 1:1584. 
= —36°6 ,, 15°. 
This was redistilled in a vacuum, and broken up into two fractions, 


A and B, of about equal quantity between 145° and 147°. These 
gave the following rotations in the 99°2 mm. tube at 15°. 


” 
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Fvaction A. (@)p = —17°73°, Density at 15°/15° = 1:1602. 
- B 0 = —1873. ° es » ww 11574, 


The fraction B was submitted to hydrolysis, as described above 
(see p. 1421), with the following results. 
Parts of KOH 
required to hydrolyse 
100 parts of product. 
Fraction B (1) eeeeeeeee eeeeeveeae e@eeeeoee 


- ) wccvccccveseses ocoseeoes 
Theory for ethylic diacetylglycerate...... 


The same product was also submitted to combustion. 


0°1937 gave 0°3493 CO, and 0°1142 H,O. C = 49:18; H = 6°55. 
02183 ,, 03947, , 01278 , C= 4931; H = 650. 
C,H,O, requires C = 49°54; H = 6°42 per cent. 


Thus both hydrolysis and elementary analysis show the product 
to be almost pure ethylic diacetylglycerate. 
Density at 15°/15° = 1:1574. 


[ely oe es le 
> 0992 x 11574 


—16°31 (at 15°). 


Normal Propylic Diacetylglycerate. 
CH,(OC,H;0)-CH(OC,H;0)-COOC,;H;. 


Active-—15°05 grams of pure active propylic glycerate, exhibiting 
a rotation of —14°63° in the 99°2 mm. tube, were added to 59°6 grams 
of acetyl chloride in the manner already described. On subsequently 
distilling in a vacuum, the main distillate was obtained at 165°, and 
amounted to 20°95 grams. 

The density of this crude product at 15°/15° was found to be 1°1277, 
and the rotation observed in the 198°4 mm. tube at 15° was 


(4)p = —42°58, 
This product was redistilled in a vacuum, and divided into two 


fractions, A and B; these gave in the polarimeter the following rota- 
tions at 14°5°. 


Fraction A. («)p = —20°55° (99°2 mm. tube). 
» B , =—4330 (1984 , ). 


The density of fraction B at 15°/15° was 1:1267. 

Fraction B was therefore again redistilled ina vacuum, and divided 
into two fractions, which passed over between 146° and 147°; the 
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second of these had a density at 15°/15° of 1°1263, whilst the rota- 
tion observed at 14°5° in the 99°2 mm. tube was 

()p = —21°75. 


—21°75 


‘.[e]lp= ia x Tes = —19°47 at 14°5. 


The product was then submitted to hydrolysis with alcoholic 
potash, the following results being obtained. 


Parts of KOH 
required to hydrolyse 
100 parts of product. 


Theocy for seapalle diacetylglycerate .. 


The following results were obtained with the same product on com- 
bustion. 


0°2387 gave 0°4514 CO, and 0°1502 H,O. C = 5157; H = 6°99. 
CyHOs requires C = 51°72; H = 6°90 per cent. 


Isopropylic Diacetylglycerate, 
C H,(OC,H;0) -CH(OC,H;0) ‘COOCH,(CHs)». 


Active isopropylic glycerate was prepared by the hydrogen chloride 
method described in our previous communication (this vol., p. 515), 
and purified by fractional distillation in a vacuum. The purified 
isopropylic glycerate thus obtained gave a rotation of —26°55° for 
the D line in the 198°4 mm. tube at 17°, a figure identical with that 
previously (loc. cit.) obtained by us for this substance. 

20°85 grams of this pure active isopropylic glycerate were mixed’ 
with 66 grams of acetyl chloride. After driving off the excess of 
the acetyl chloride, the residue was distilled in a vacuum, and divided 
into three fractions, of which only the third was of any importance, 
and amounted to 29°28 grams. This gave the following observed 
rotations in the 198'4 mm. tube. 


(2)p = —39°25° at 17°5° 
» = —8885 ,, 140 


This product was redistilled in a vacuum, and divided into two 
fractions, A and B, which gave the following observed rotations. 


At 14°. At 19°. 
Fraction A. (a)p = —38°'10° —38 70° 
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- Fraction B was again redistilled in a vacuum, and divided into two 
fractions, of which the larger gave the following observed rotations. 


(a)p = —40°15° at 15° (198°4 mm. tube). 
» = —40°55 ,, 18 ( ” ” ). 


Its density was also determined at 15°/15°, and found to be 11192, 
. * . ee —40°15; _——_ 
thus leading to the specific rotation [«]p = 198t xT 1193 = 18°08 
at 15°.’ 
This product was again distilled in a vacuum, and divided into two 
fractions, of which the principal gave the following observed rota- 


tions in the 99°2 mm. tube. 


(a@)p = —19°75° at 13° (99°2 mm. tube). 
» =—2015 ,, 17 ( ” ” ). 


Thus the rotatory power had remained practically unchanged by the 
last fractionation. The density at 15°/15° was 1:1193, and therefore 
had also remained analtered, From the above follows the specific 
rotation calculated for 15° 

—19°95 


[@]> = O999 x 11193 = ~ 2797. 


The purity of this product was further demonstrated by hydrolysis, 
thus. 


Parts of KOH 
required to hydrolyse 
100 parts of product. 
(1) *eeee eereeee @eeeeeeeeeeeen ee ee ee e@ 72°63 
(2) eeeeveeved e@eeeeeeeveseeeeeeeeeeeeeee 72°24 


Theory for isopropylic diacetylglycerate.. 72°41 
On combustion, 


0°2574 gave 0°4855 CO, and 0°1621 H,O. C = 51°44; H = 699. 
02529 ,, 04767 ,, ,, 01584 ,, C = 51:40; H = 6:96. 
CyH,,0, requires C = 51°72; H = 6°90 per cent. 


Isobutylic Diacetylglycerate, 
CH,(0C,H;0)-CH(OC,H,0)-COOCH,’CH;(CH;):. 


Active.—A quantity of active isobutylic glycerate was, in the first 
instance, prepared by digesting active glyceric acid with an excess of 
isobutyl alcohol in a sealed tube at about 170°. The purified product 
thus obtained gave an observed rotation of —15°55° in the 99:2 mm. 
tube, a figure agreeing exactly with that which we previously ob- 
tained (this vol., p. 519) for the same substance prepared by the 
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hydrogen chloride method, and thus affording a valuable confirmation 
of our previous result. 

This pure isobutylic glycerate was then converted into the diacetyl] 
compound by mMmixing (15°3 grams) with an excess (58°9 grams) of 
acetyl chloride in the manner described above. On distillation in a 
vacuum, nearly the whole passed over at 164°, 20°25 grams of crude 
diacetylglycerate being obtained, of density at 15°/15° 1-0995, and 
exhibiting a rotation in the 198°4 mm. tube at 17° of —44°23° for the 
D line. 

On redistilling this product in a vacuum, two principal fractions, 
A and B, were obtained :—Fraction A, density at 15°/15° = 1-:1003, 
observed rotation in 99°2 mm. tube at 17°5—18'5° = —21°23°; 
fraction B, density at 15°/15° = 1:0995, observed rotation in 198°4 mm. 
tube at 17°5—18'5° = —45°03. 

On redistilling fraction B, nearly the whole came over at 156°; the 
density of this product at 15°/15° was 1:0990, being, therefore, prac- 
tically identical with that before distillation; the observed rota- 
tion in the 99°2 mm. tube was 


(@)p = —22°43° at 16°5°; and by calculation for 15° = —22°33°; 
= —22°73 ,, 20°7 


” 
leading to the specific rotation at 15° of 


— 22°33 


[@]> = d998 x 10990 ~~ 20°48: 


The purity of this product was demonstrated by hydrolysis and by 


combustion, with the following results, . 
Parts of KOH 
required to hydrolyse 
100 parts of product. 


Theor y for isobutylic diacetylglyverate .. 
monacety iplyewnte 5. 


” ” 


On combustion, 
0°2730 gave 0°5343 CO, and 0°1830 H,O. C = 53:37; H = 7:44. 
Cy, H,,0, requires C = 53°66; H = 7°32 per cent. 


General Characters of Ethereal Salts of Diacetylglyceric acid. 


The several ethereal salts, prepared as above, are all colourless, 
almost inodorons, viscid liquids, of slightly greater density than 
water, and of markedly greater stability than the ethereal salts of 
glyceric acid. Thus, whilst the latter cannot be distilled, even ina 
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vacuum, without considerable loss through decomposition, the ethereal 
salts of diacetylglyceric acid are, one and all, volatile without sensible 
decomposition under atmospheric pressure, nor is there any alteration 
in the rotatory power when they are thus distilled. 

The densities of the several diacetylglycerates are recorded in the 
following table, the densities of the corresponding glycerates being 
also given for purposes of comparison. 


Density, 15°/15°. Differences. 


Ethereal Salt. 
Diacetyl- Glycerate. Diacetyl- 


Glycerate. . glycerate. glycerate. 


Methylic eeeeeeeve 1 *2798 . 

Ethylic..........| 1°1921 ; 0-0er7 0-066 

Propylic (normal) | 1°1448 0 0473 0°0311 

Isopropylic ......| 1°1303 . 

Isobutylic........| 1°1051 owes O-aes 

Butylic (normal)..| 11084 
» (secondary).| 1°1052 

Heptylic ........| 170390 

Octylic ..........| 10268 o-cis7 


Diff., 0 -0364 


The relations between these densities are most clearly indicated by 
means of the following diagram, in which the ordinates represent 
density and the abscissee molecular weight. 


Densities of Ethereal Salts of Glyceric and Diacetylglyceric acids. 
CH; (©,H; C;H; C,H, OH CoHis CH CyHiy 1°300 


| 


— 


1-000 


CH, C,H, ©, GH, OH, OH, GH, OH, 
5p 2 


OO 
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It will be seen from the diagram that the density in the case of the 
glycerates diminishes more rapidly than in that of the diacetyl- 
glycerates, leading to the two curves intersecting each other at about 
the butylic compound in each, beyond which we have not yet gone in 
the case of the diacetylglycerates. 


Molecular Volumes of Ethereal Salts. 


In both series of compounds, it 


Glycerate. | Differences. aeeate Differences. 
Methylic.....cssssesess 93°8 170°0 
} 18°6 } 184 
Ethylic .....ccccccccces 112 °4 188 *4 
} 16 ‘9 } 17°6 
Propylic (normal).......| 129°3 7 206 0 
Isopropylic......sse-++| 130°9 f 16°9 207-3 
Butylic (normal)........ 146 2\4 15°7 — 
| 16°5 
» (secondary)... eeee 146 6 i ' — 
3|50°1 
Isobutylic....seeeeeeees| 146° T6 7 223 ‘8 
Heptylic...eseseeseeees 196 °3 
} 16*1 
Octylic eeee eevee eevee eeeae 212°4 


Molecular Volumes of Ethereal Salts of Glyceric and Diacetylglyceric acids. 


CH; C,H; C;H, C,H, C;Hy, C,H; C;Hy,; CsH), 
220 Als 
. 
soy are” 
” 4@ 4 - 
180 sv Pal 
Oo A 4-7 
a" 
A - 
140 = 
r) 
ae 
DA cf 
| 
100 
CH; C,H; C;H; C,H, C;Hy C,H); C,H; C,H); 


220 


180 


140 


100 
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will be observed that the isopropylic has a lower density than the 
corresponding normal propylic salt. 

As all the densities have been determined at the same temperature, 
we may make use of them for calculation of the molecular volumes, 
mol. wt. 


=" t mole- 
density Tie PTTL ase Te 


thus, from the formula Molecular volume = 


cular volumes of ethereal salts (p. 1428). : 

These figures show that the values for “each increment of CH, 
diminish more rapidly in the case of the glycerates than in that of 
the diacetylglycerates. 

From the diagram, p. 1428, it will be seen that the molecular 
volumes of the normal members of the two series of ethereal salts lie 


Molecular Rotation [M], and Molecular Deviation [8], of Ethereal Salts 
of Glyceric and Diacetylglyceric acids. 
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on two straight lines, which are practically parallel ; the values for 
the isopropylic and isobutylic compounds lie on two straight lines, 
which, in each case, are slightly above and parallel to the lines for the 
normal compounds. 

In the following table, we have recorded the remaining physical 
constants which we have determined for these ethereal salts of di- 
acetylglyceric acid. 


Ethereal Salts of Diacetylglyceric acid. 


Observed Mole- | 
rro-| Mole- 


Boiling — Specific | cular ro- cies & 
point (a) rotation, Miele | elation 
uncorr.). D . a}p | . 
: —e '| - 100. | [lo 


Methylic (inactive). | 242—244 
(760 mm.) 
»  (active)...| 242—244 
(763°4 mm.) 
Ethbylic (active)....| 247—249 
(763°4 mm.) 
258 


(763°4 mm.) 
Isopropylic (active) .| 246—248 
(763°4 mm.) 
Isobutylic (active) .| 262—264 
(763°4 mm.) 


Propylic (active)... 


Optical Activity of the Ethereal Salts of Diacetylglyceric acid. 


This, as already pointed out, is the principal interest attaching to 
these substances. From the above table and accompanying diagram, 
it will be seen that there is, as far as we have gone, the closest parallel- 
ism in this respect between the homologous ethereal salts of glyceric 
acid and those of diacetylglyceric acid. In both series the rotatory 
power increases with the molecular weight in ascending from the 
methylic to the butylic compound. In the case of the ethereal salts 
of glyceric acid, we have shown that the rotation there reaches a 
maximum and again diminishes for the heptylic and octylic com- 
pounds, and in the diacetylglyceric acid series, although we have 
not yet gone beyond the isobutylic compound, the parallelism is so 
complete that there can be little doubt but that in this series, also, a 
maximum rotation exists. This matter, however, we hope, before long, 
to decide. 

It is, however, in connection with the recent theories of M. Guye 
that these compounds present special points of interest. Thus, as we 
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pointed out in the introduction (see p. 1419), whilst in methylic 
glycerate, all the four groups attached to the asymmetric carbon atom 
are of unequal mass, namely,(a) H = 1; (6) HO= 17; (c) CH,OH 
= 81; (d) COOCH; = 59; methylic, diacetylglycerate has two of 
its groups of equal mass, and. the heaviest group is (c) instead of (d), 
thus, . 
(2) H = 1; (6) OC,H;O = 59; (c) CH,-OC,H;0 = 73; 
(d) COOCH; = 59. 

According to M. Guye, this transformation should be attended by 
the rotatory power becoming zero or thereabouts, but, as a matter of 
fact, it is of the same sign, but considerably greater than in the case 
of methylic glycerate. 

Again, in ethylic glycerate, all the four groups attached to the 
asymmetric carbon atom are of unequal mass, namely, 


(a) H = 1; (b) HO = 17; (c) CH,OH = 31; (d) COOC,H, = 73; 


whilst, in ethylic diacetylglycerate, the mass of two groups (not, how- 
ever, the same two as in methylic diacetylglycerate) becomes equal, thus, 
(2) H = 1; (6) OC,H;O.= 59; (c) CH,OC,H,O = 73; 
(d) COOC.H; = 73. 


This, again, should afford an opportunity for the verification of 


M. Guye’s speculations, but, instead of this equalisation of the masses 
resulting ina destruction or even a diminution of the optical activity, 
it is again, as above, attended with a marked increase in the rotatory 
power. 

In each of the remaining diacetylglycerates (propylic, isopropylic, 
and isobutylic) which we have prepared, the four groups attached to 
the asymmetric carbon atom are of unequal mass, the carboxyl group 
being, in each case, the heaviest, yet the relative preponderance of 
this group is, of course, not nearly so marked as in the correspond- 
ing glyceric salts; but, notwithstanding the rotatory power of the 
propylic, isopropylic, and isobutylic, diacetylglycerates is much 
greater than that of the propylic, isopropylic, and isobutylic glycerates 
respectively. The phenomena of rotation exhibited by the members 
of these two series indicate that in both series the substituted carb- 
oxyl group is the dominant one determining the rotatory power, and 
by the introduction of the two acetyl radicles in the other two groups, 
the predominance of the carboxyl group is enhanced. As we pointed 
out in our previous communication, it appears even more clearly to 
us now, that the qualitative nature as well as the masses of the groups 
attached to the asy mmetric carbon, are of importance in determining 
the rotatory power. 

This series of diacetylglycerates, taken in conjunction with the 
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glycerates, appears to us to be far better calculated to test the ac- 
curacy of M. Guye’s theories concerning the relations between the 
several masses and the rotatory power than any other series of active 
compounds hitherto prepared. Thus the compounds which have 
until now been principally resorted to in this connection are the 
ethereal salts of tartaric acid and their substitution derivatives. The 
relations in the case of the tartrates are not only greatly complicated 
by the presence of two asymmetric carbon atoms in the molecule, but 
some of these substances are solid, and can therefore only be snb- 
mitted to polarimetric observation in solution, and the great anomalies 
occurring in the rotation of active substances when examined even 
in apparently the most indifferent solvents have been recently very 
strikingly demonstrated by M. Freundler (Compt. rend., 117, 556). 

In fact, the only other series of compounds presenting some of the 
same relationships between the masses as those we have indicated 
above are the following di-substituted tartaric salts prepared and 
described by M. Freundler (Comp. rend., 115, 510) :— 


: Dipropionyl- 
Diacetyltartrate, lestebte. 


Dimethylic...........|[a]p = —14°29(Pictet)} a = —12°0 
Diethylic. .......+0006 a=+ 50 a=+03 
Dipropylic (norm.).... a= +135 a=+79 
Dibutylic (norm.)..... a= +178 


Diisobutylic (prim.) ... a= +113 a= + 92 


Note,—Only the value for dimethylic diacetyltartrate is a specific rotation; the 
others are observed rotations only in a 100 mm, tube at ordinary temperature, 


Each of these vertical columns contains a compound with two equal 
masses composed of the same atoms, thus, 


Dimethylic diacetyltartrate contains CH,;CO-O = 59 = CO-0-CH;. 
Diethylic dipropionyltartrate _,, C.H;'CO-O = 73 = CO-0-C,H;.. 
Dipropylic dibutyryltartrate __,, C;H,CO-O = 87 = CO-0-C,H;. 

Now, although these compounds containing the equal masses are,. 
with the exception of the diethylic dipropionyltartrate, by no means. 
inactive, still they are in every case at the transition point from + 
+o — in each vertical series. 

Thus, whilst the rotations of these substituted tartrates are broadly 
in harmony with the predictions of the theory of the product of 
“symmetry, this theory in its present form derives no support what- 
ever from the results which we have obtained in the case of the 
ethereal salts of diacetylglyceric acid. 
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the case of, Proc., 1898, 41. 

—— molecular depression of the freez- 

ing point of water produced by, 185. 


isomerism of, 


1440 


Ammonia, compounds of, with water, 
141. 


freezing points of aqueous solu- 
tions of, 181. 

Ammonium chloride, non-formation of, 
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-—— molecular weight of, in the liquid 
state, 1100. 

—— nitro-, molecular weight of, in the 
liquid state, 1101. 

Benzeneazo-8-naphthol, reduction of the 
acetyl derivative of, 930. 
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Benzonitrile, molecular weight of, in the 
liquid state, 1101. 
Benzylamine and phenacyl bromide, 
interaction of, 1355. 
preparation of, 1311. 
Benzyldihydroxypyridine, 259, 
4-Benzyl-2 : 6-diphenylpiazine dihydr- 
ide, 1366. 
— — hydrochloride, 1373. 
5-Benzyl-2 : 6-diphenylpiazine, 1372. 
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Benzylphenylbenzylthiourea, isomeric 
form of, 538. 
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Cadmium alkali sulphates, crystallo- 
graphy of, 407. 

—— glycerate, active and inactive, 308. 

Cesium cadmium sulphates, crystallo- 
graphy of, 410. 

cobaltous sulphate, crystall h 

of, 398. P ystallography 

“2 copper sulphate, crystallography 
of, 403. 

—— ferrous sulphate, stallo h 
of, 369. P ory graphy 

—— magnesium sulphate, crystallo- 
graphy of, 349. 


1441 


Cesium manganous sulphate, crystallo- 
graphy of, 376. 
—— method of obtaining a persistent 
spectrum of, 140. 
— nickelous sulphate, crystallography 
of, 384. 
zine sulphate, crystallography of, 
361. 
Caffeine and theine, identity of, 195. 
—— aurochloride, 198. 
mercuric chloride, 199. 
—— potassium aurochloride, 204. 
—— reaction of, with auric chloride, 
195. 
Calcium dextroethoxysuccinate, 233. 
— glycerate, active and inactive, 
297. 
levomethoxysuccinate, 228. 
magnesium, carbonic, and sulphuric 
acids, distribution of acids and bases 
in a solution containing, 697. 
—— methoxysuccinate, dextro-, 335. 
—— oxide, conditions of the absorption 
of carbonic anhydride by, 822. 
—— —— conditions of the absorption 
of sulphurous anhydride by, 829. 
—— —— inertness of, 821. 
Camphene, action of phosphorus penta- 
chloride on, Proc., 1893, 163. 
Camphenephosphonic acid, chloro-, 
Proc., 1893, 164. 
a-C.inphenephosphonic 
1893, 164. 
8-Cauphenephosphonic 
1893, 164. 
Campholytic acid, 498. 
dibromide, 500. 
Camphor, ehloro-, Proc., 1893, 130. 
chlorobromo-, Proc., 1898, 139. 
—- constitution of the ketone ob- 
tained from, 93. 
dichioro-, Proc., 1898, 130. 
formation of ketones by the action 
of sulphuric acid, zine chloride, &e., 
on, 75. 
sulphonation of, with anhydro- 
sulphuric acid, 549. 
— sulphonation of, with chloro- 
sulphonic acid, 552. 
sulphonic derivatives of, 548. 
Camphoric acid, constitution of, 506. 
Camphoric anhydride, fluorescein of, 
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acid, Proc., 


acid, Proc., 


Camphorsulphonamide, inactive, 570. 

—— bromo-, 583. 

—- chloro-, 598. . 

—— dextrorotatory, 567. 

Camphorsulphonic acid and its salts, 
573. 

—— —— bromo-, and its salts, 584. 

— — chloro-, and its salts, 599, 
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Camphorsulphonic chloride, 551, 554. 

— — action of heat on, PRoc., 
1898, 130. 

— —— bromo., 577. 

— — chloro-, 594. 

—— — dextrorotatory, isolation of, 
554. 

Jevorotatory, probable exist- 
ence of, 557. 

Camphothetic acid, 504. 

Camphren, oxidation of, 96, 97. 

reparation of, 77. 

Camphylic acid, sulpho-, Proc., 1893, 
109. 


— — —— distillation of, Proc., 
1898, 109. 

— — — oxidation of, 
1898, 110. 

Capillary separation of substances in 
solution, Proc., 1893, 123. 

Caproie acid, action of phosphoric an- 
hydride on, 460. 

Cuprylone oxime, 454. 

preparation of, 453. 

Carbanilide, hexanitro-, 1064, 1068. 

Carbon bisulphide, depression of the 
freezing point of acetic acid by, 1025. 

—— —— depression of the freezing 
point of benzene by, 1022. 

molecular weight of, in the 
liquid state, 1099. 

—— tetrachloride, molecular weight of, 
in the liquid state, 1099. 

Carbonic acid, sulphurie acid, calcium 
and magnesium, distribution of acids 
and bases in a solution containing, 
696. 

anhydride, condition of the absorp- 
tion of, by calcium oxide, 822. 

Cellulose, alkali, and carbon bisulphide, 
interaction of, 837. 

—— benzoates, 838. 

constitution of, 843. 

—— regenerated, 840. 

thiocarbonates, 837. 

Cellulosethiosulphocarbonie acid, 839. 

Chay root, colouring and other princi- 
ples contained in, 1160. 

Chemical action, influence of moisture 
in promoting, Proc., 1893, 129. 

change, conditions determinative 
of, Proc., 1893, 145. 

Chloral, molecular weight of, in the 
liquid state, 1100. 

Chlorine and mercury, interaction of, 
Proc., 1898, 38. 

—— separation of iodine from, 1051. 

Chromium, detection of, in presence of 
iron and manganese, 1082. 

—— estimation of, by aid of sodium 
peroxide, 1081. 


Proc., 
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Chrysomethylpiazine, 1292. 

Chrysopiazine, 1290. 

1 : 4-dihydride, 1289. 

Cinnamene, action of nitrosyl chloride 
on, 483. 

Citraconfluorescein, 677, 

—— action of bromine on, 682. 

derivatives of, 677. 

—— dinitro-, 683. 

Citrazinamide, preparation of, 1036. 

Citrazinic acid, 1035. 

— — action of nitrous acid on, 
1043. 

— — alkali salts of, 1040. 

—— — isonitroso-, 1047. 

— — tribromo-, 1042. 

— — trichloro-, 1041. 

Citrazinimide, alkali salts of, 1039. 

Cobalt, separation of, from manganese, 
1082. 

Cohaltous alkali sulphates, crystallo- 

raphy of, 388. 

Colour, change of, as indicative of 
change of structure, Proc., 1898, 55. 

origin of, 243; Proc., 1892, 189, 
194; 1893, 52, 55, 93. 

Colouring principles of chay root, 1160. 

—— — of morinda root, 1184. 

— — of Rubia sikkimensis, 1157. 

of wong-koudu, 1185. 

Copper alkali sulphates, crystallography 
of, 396. 

Corydalis cava, a new alkaloid from, 


Corytuberine, 486. 

—— methiodide, 487. 

—— salts, 486. 

Critical constants of certain ethereal 
salts, 1191, 1243, 1257. 

—— temperatures, new method of cal- 
culating, 1107. 

Crystallography of the potassium, 
rubidium, and cesium salts of the 
monoclinic series of double sulphates, 
R,M(SO,)2,6H,O, 337. 

Crystals of isomorphous series, connec- 
tion between the atomic weignt of 
contained metals and the magnitude 
of the angles of, 337. 


D. 


Dehydracetic acid, amido-, 128. 
formation of orcinol and 
other condensation products from, 
1232. 


production of naphthalene 
derivatives from, 329. 

Depolarisers, nature of, PRroc., 1893, 
148, 188. 
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Dextroethoxysuccinic acid, 234. 

Dextromethoxysuccinic acid, 223. 

Diacethydroxamic acid, Proc., 1893, 
77. 

Diacetylcitrazinamide, 1038. 

Diacetylglyceric acid, ethereal salts of, 
and their relation to optical activity, 
1419. 

Diacetylheptane [2 : 6], reduction pro- 
ducts of, 111. 

Diastase of leaves, 604. 

— —— action of, on soluble starch, 
651. 

— periodic variations of 

the, 644. 

—— products of the transforma- 
tion of starch by, 634. 

— occurrence of, in the leaf, 633. 

Diastatic activity of leaves, determina- 
tion of, 637. 

Dibenzoyldihydroxybenzylpyridine, 261. 

Dibenzylamine, preparation of, 1311. 

1 : 4-Dibenzyl-2 : 5-diphenylpiazine di- 
hydride, 1362. 

1 : 4-Dibenzyl-2 : 6-diphenylpiazine di- 
hydride, 1366. 

— — action of ferric chloride on, 
1373. 

1 : 4-Dibenzyl-2 : 6-diphenylpiazine di- 
hydride, molecular transpositions of, 
1371. 

8 : 5-Dibenzyl-2 : 6-diphenylpiazine, 
1371. 

Dicaprylearbinol, 455. 

Diethyl ketone, specific volume and 
thermal expansion of, 285. 

Diethylamine, depression of the freezing 
point of benzene by, 1021. 

—— freezing points of aqueous solu- 
tions of, 158. 

—— hydrates of, 160. 

Dihydroxybenzylpyridine, 259. 

Dihydroxyhydrolapachol, bromo-, 428. 

Dibydroxy pyridines, 874. 

Diisoamylthiourea, 322. 

Diisobutylthiourea, symmetrical, 319. 

a-Diketones, reduction of, 770. 

Dilatometers, construction of, 263. 

2 : 3-Dimethoxyphenyl-1 : 4-dibenzoy]l- 
piazine dihydride, 1303. 

2 : 3-Dimethoxyphenylpiazine, 1303. 

— 5: 6-dihydride, 1300. 

2 : 3-Dimethoxyphenylpiazinecarboxyl- 
amide, 1308. 

2: 3-Dimethoxyphenylpiazinecarboxylic 
acid and its salts, 1308. 

3 : 3’-Dimethyl-2-aceto-1 : 1’-dinaph- 
thol, 334. 

Dimethylamine, freezing points of 
aqueous solutions of, 151. 

— hydrates of, 150. 


3 : 7-Dimethyl-2 : 8-diacetoxynonane, 
120. 


3: aa ne : 8-dihydroxynonane, 
119. 

Dimethylethylearbinol, specific volume 
and thermal expansion of, 280. 

Dimethylethylmethane, specific volume 
and thermal expansion of, 275. 

Dimethylketohexamethylene, formation 
of, from dimethylpimelic acid, PRoc., 
1898, 68. 

Dimethylketohexaphane [2:6:1], 
formation of, from dimethylpimelic 
acid, Proc., 1893, 68. 

Dimethylpimelic acid, formation of the 
ketone 2 : 6-dimethy]-1-ketohexa- 
phane from, Proc., 1898, 68. 

Dimethylpropylmethane, specific volume 
and thermal expansion of, 276. 

Dimyristylcarbinol, 459. 

Dimyristylearbinyl acetate, 459. 

Dinonylearbinol, 457. 

Dipentene dihydrochloride, hydrocarb- 
ons derived from, 292. 

—- oxidation of, 294. 

Diphenacylbenzylamine, 1365. 

— amido-, 1365. 

—— preparation of, 1359. 

—— salts of, 1364. , 

Diphenyl, magnesium compound of, 
Proc., 1893, 80, 111. 

2 :3-Diphenyl 1 : 4-dihydride, 1293. 

2: 3-Diphenyl-1-4-diacetylpiazine di- 
hydride, 1296. 

2 :3-Diphenyl-1 :4-dibenzylpiazine di- 
hydride, 1294. 

a8-Diphenyl-p-ethyloxazole, 473. 

aB8-Diphenyl-y-methyloxazole, 472. 

2 : 3-Diphenyl-3-methylpiazine, 1285. 

—— picrate, 1286. 

a8-Diphenyloxazole, 470. 

2 : 4-Diphenylpiazine, 1297. 

2 : 5-Diphenylpiazine, 1363. 

2 : 6-Diphenylpiazine, 1368. 

2 : 3-Diphenylpiazinecarboxylamide, 
1304. 

2: naan acid and 
its salts, 1305. 

Dipropylamine, freezing points of 
aqueous solutions of, 171. 

— hydrate of, 171. 

Dispersions of sulphuric acid solutions, 


p-Ditolylparatolylenediamine, 1408. 

p-Ditolyltriamidotoluene, 1402. 

Dextrose, fermentation of, by a levo- 
lactic ferment, 1265. 

Drosera Whittakeri, colouring matters, 
of, 1083. 

Dyeing properties of chay root, 1183. 
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Electrolysis of sodic ethylic camphorate, 
Pxoc., 1898, 43. 

Elements, chemical, the measurement of 
the relative masses of the atoms of 
the, 1. 

new diagram and periodic table of, 


852. 

Erythrophene, Proc., 1892, 192. 

ices nitro-, molecular weight of, in 
the liquid state, 1104. 

Ethenyldiparatolyltriamidotoluene, 
1405. 


Ethers, simple and mixed, boiling points 
of, Proc., 1898, 145. 

Ethoxysuccinic acid, optically active, 
229 


Ethylamine, freezing points of aqueous 
solutions of, 154. 

hydrates of, 156. 

Ethylbutylthiourea, secondary, 322. 

Ethyldihydroxypyridine, 882. 

oxidation of, 883. 

Ethylene, action of nitrosyl chloride on, 
479. 

Ethylenediamine and derivatives of 
acetoacetic acid, condensation pro- 
ducts from, 1310. 

Ethylenic oxide, magnetic rotation and 
refractive power of, 488. 

Ethyliec acetate, molecular weight of, in 
the liquid state, 1100. 

vapour pressure, molecular 
volume, and critical constants of, 1216. 

—— acetoacetate, molecular weight of, 
in the liquid state, 1100. 

alcohol, depression of the freezing 
point of acetic acid by, 1023. 

—— —— depression of the freezing 
point of benzene by, 1019. 

—— —— depression of the freezing 
point of water by, 1015. 

—— —— molecular weight of, in the 
liquid state, 1102. 

—— benzylglutaconate, 259, 

—— campholytate, 498. 

—— chloro-formate, molecular weight 
of, in the liquid state, 1100. 

— diacetylglycerate, 1422. 

—— 2:3-diphenylpiazinecarboxylate, 
1307. 

—— ether, depression of the freezing 
point of acetic acid by, 1024. 

depression of the freezing 
point of benzene by, 1021. 

— —— molecular weight of, in the 
liquid state, 1100. 

ethyldicarboxyglutaconate, 881. 

—— ethylenedi-S8-amido-«-ethylcroton- 
ate, 1310. 
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Ethylic ethylenedi-8-amido - a - methyl- 
crotonate, 1310. 

—— ethylglutaconate, 882. 

formate, vapour pressure, mole- 
cular volume, and critical constants 
of, 1202. 

—— glycerate, active, 512. 

— —— inactive, 511. 

—— iodide, molecular weight of, in the 
liquid state, 1099. 

isobutylidenemalonate, preparation 

of, 1344. 

—— action of ethylic sodiomalon- 

ate on, 1344. 

methyldicarboxyglutaconate, 877. 

—— methylglutaconate, 880. 

— oxide, molecular weight in the 
liquid state, 1100. 

—— pheny]pyrazolonecarboxylate, 879. 

—— propionate, vapour pressure, mole- 
cular volume and critical constants of, 
1226. 

pyruvate, 

azone, 872. 

o-chlorophenylbydrazone, 


m-chlorophenylhydr- 


868. 

—— —— p-chlorophenylhydrazone, 
873. 

—— sodium camphorate, ortho-, elec- 
trolysis of, 495. 

—— thiocarbimide, molecular weight of, 
in the liquid state, 1100. 

thiocyanate, molecular weight of, 
in the liquid state, 1100. 

Ethylisoamylthiourea, 323. 

Ethylisobutylthiourea, 320. 

Expansion, thermal, of certain paraffins 
and paraffin derivatives, 273. 

—— of liquids, determination of, 

262. 


F. 


Ferment, levolactic, of the pear, morpho- 
logy of, 1263. 

Fermentation of dextrose, rhamnose, 
and mannitol by a levolactic ferment, 
1263. 

Ferrous alkali sulphates, crystallography 
of, 365. 

Fluorescein of camphoric anhydride, 
961. 

Fluoresceins, origin of colour in, Proc., 
1893, 53. 

Fluorescence, origin of, 243; Pnroc., 
1892, 189; 1893, 52. 

Formic acid, molecular weight of, in the 
liquid state, 1103. 

Formonaphthalide, nitration of, Proc., 
1898, 8. 


“ INDEX OF SUBJECTS. 


Freezing point of solvents, lowering of, 
in strong solutions, 999. 

Fusel oil, preparation of active amyl 
alcohol and active valeric acid from, 
1130. 

‘ 
G. 
‘ ; 

Gases, dry, combination of, Proc., 1893, 
165. 

Glucina, preparation of, from beryl, 
909 | 


Glyceric acid, active, densities, mole- 
cular volumes, and molecular rota- 
tions of ethereal salts of, 526. 

— active, normal butyl, heptyl, 
and octyl salts of, 1410. 

— —— active and inactive, salts of, 
296, 511. 

—— —— rotatory power of ethereal 
salts of, 1414. 

Glycol, molecular weight of, in the liquid 
state, 1103. 

Gold bullion assay, limits of accuracy 
attained in, 700. 

— dissolution of, in a solution of 
potassium cyanide, 724. 

—— effect of other metals on the vola- 
tility of, 722. 

—— losses of, in bullion assaying. 710. 

—— metallic, volatilisation of, 714. 

Griess-Sandmeyer reaction, Proc., 
1892, 199. 

Guaiacol, molecular weight of, in the 
liquid state, 110]. 


H. 


Heptolactone, 1332. 

— constitution of, 1330. 

—— preparation of, 1337. 

—— synthesis of, 1336. 

Heptylic glycerate, active, 1412. 

Hexy| palmityl ketone, 463. 

—— oxime, 463. 

Hofmann Memorial addresses, Proc., 
1898, 132. 

Homologous compounds, boiling points 
of, Proc., 1893, 145. 

Hops, essential oil of, Proc., 1893, 177. 

Hydrindone, new synthesis of, Prov., 
1892, 216. 

—— nitro-, Proc., 1892, 216. 

Hydrindoneoxime, Proc., 1892, 216. 

een, coloured, Proc., 1892, 
1 


—— combinations of, with picric acid 
and other nitro-compounds, 1388. 

—— derived from dipentene dihydro- 
chloride, 292. 
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Hydrogen chloride, hydrates of, Proc., 
1893, 45. 


—— peroxide, action of light in inducing 
the formation of, in organic liquids, 
1109. . 

—— — conditions which influence 
the formation of, in urine, 1115. 

— —— detection of, 1110. 

— — estimation of, 1110. 

Hydroxyacetylaldoxime, Proc., 1893, 
77. 


Hydroxy-§-lapachone, bromo-, 430. 
Hydroxymetaxylenevarboxylic 
Proc., 1893, 110. 


acid, 


I. 


Indoxazen reaction, 1346. 

Iodine, separation of, from bromine and 
chlorine, 1051. 

Tsaconitine, 443. 

aurochlor-, 447. 

—— conversion of aconitine into, 991. 

— hydrolysis of, 448. 

— physiological action of, 451. 

—— reaction of, with auric chloride, 
447. 

— salts of, 446. 


8-Isoamylene,. specific volume and 
thermal expansion of, 276. 
Isobutylamine, freezing points of 


aqueous solutions of, 174. 

Isobutylene, action of nitrosyl chloride 
on, 481. 

Isobutylenic bromide, specific volume 
and thermal expansion of, 288. 

Isobutylic alcohol, molecular weight of, 
in the liquid state, 1102. 

Isobutylic diacetylglycerate, 1425. 

glycerate (primary), active and in- 
active, 517. 

Isobutyric acid, action of phosphoric 
anhydride on, 460. 

— — molecular weight of, in the 
liquid state, 1103. 

aldoxime, Proc., 1898, 78. 

Isocaproic acid, molecular weight of, in 
the liquid state, 1104. 

Isoheptolactone, 1331. 

Isohexane, specific volume and thermal 
expansion of, 276. 

Isomeric change, PRoc., 1892, 213, 214. 

Isomorphous series, connection between 
the atomic weight of the contained 
metals and the magnitude of the 
angles of crystals of, 337. 

Isopentane, specific volume and thermal 
expansion of, 275. 

Isoprene, specific volume and thermal. 
expansion of, 277. 
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Isopropylamine, freezing points of aque- 
ous solutions of, 167. 

—— hydrates of, 169. r 

B-Isopropylglutaric acid, synthesis of, 
1344 


Isopropylic alcohol, molecular weight 
of, in the liquid state, 1102. 

—— diacetylglycerate, 1424. 

—— glycerate, active and inactive, 
514. 

Isorottlerin, 988. 

Isovaleraldehyde, action of malonic acid 
on, 1334. 


J. 


Jute fibre produced in England, com- 
position of, 964. 


K, 


Kamala, constituents of, 975. 

—— resins from, 985, 989. 

sugar from, 990. 

—— wax from, 987. 

—— yellow, crystalline colouring matter 
from, 986. 

Ketone obtained from camphor, consti- 
tution of, 93. 

Ketones, fatty, preparation of, 452. 

—— formation of, by the action of 
agents such as sulphuric acid and 
zine chloride on camphor, 75. 

Kopp Memorial Lecture, 775. 


L. 


Lactic acid, inactive, preparation of 
sarcolactic acid from, 1028. 

—— —— resolution of, into its optic- 
ally active components, 1143. 

Levolactic fermentation of dextrose, 
rhamnose, and mannitol, 1263. 

Leevolimonene, oxidation of, 293. 

Levomethoxysuccinic acid, 227. 

Lapachol and its derivatives, constitu- 
tion, 1376. 

8-Lapachone, dibromo-, 424. 

Lead ammonium iodide, 542. 

—— bromiodide, 545. 

—— chloriodides, 544. 

—— haloids, interaction of alkali haloids 
with, 540. 

“—— potassium iodide, 542. 

U— tetracetate, 1136. 

—— tetrapropionate, 1136. 

Leaf, determination of the starch of the, 
622. 
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Leaf, occurrence of diastase in the, 632. 

—— sugars of the, 659. 

Leaves, determination of the diastatic 
activity of, 637. 

dried, relative diastatic activity of, 
641, 674. 

— foliage, chemi and physivlo 
ee ee 

—— periodic variation of the diastase 
of, 644. 

—— starch and diastase of, 604. 

p-Leucotoluidine, 1396, 1402. 

Light, action of, in inducing the forma- 
tion of hydrogen peroxide in organic 
liquids, 1109. 

—— action of, in preventing putrefac- 
tion, 1109. 

cause of the sterilisation of urine 
by, 1119. 

Lime, inertness of, 821. 

Linseed oil, supposed saponification of, 
by Dutch white lead, Proc., 1893, 
122. 

Liquids, determination of the thermal 
expansion of, 262. 

—— molecular complexity of, 1089. 

Lithium glycerate, active and inactive, 
301 


-—— hydroxide, hydrates of, 899. 
—— nitrate, magnetic rotation of solu- 
tions of, 67. 


Magnesium alkali sulphates, crystallo- 
graphy of, 344. 

ealci»m, carbonic and sulphuric 
acids, distribution of acids and bases 
in a solution containing, 696. 

—— diphenyl, Proc., 1898, 81, 111. 

—— glycerate, active and inactive, 306. 

Magnetic rotation of ethylenic oxide, 
488. 


—— —— of mixed solutions of nitric 
acid and lithium nitrate, 73. 

of mixed solutions of sulph- 

urie acid and sodium sulphate, 69. 

of nitric acid and its aqueous 
solutions, 57, 65. 

~“- — of solutions of lithium nitrate, 
67. 

—— —— of solutions of sodium sulph- 
ate, 64. 

— —of sulphuric acid and its 
aqueous solutions, 57, 59. 

—— rotations of sulphuric acid solu- 
tions, 99. 

Malonic acid, action of isovaleraldehyde 
on, 1334. 

Manganese borate, constitution of, 131. 

—— —— preparation of, 129, 133. 
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Manganese, separation of, from nickel, 
cobalt, and zinc, 1082. 

Manganous alkali sulphates, crystallo- 
graphy of, 373. 

Mannitol, fermentation of, with a levo- 
lactic ferment, 1274. 

Masses, reiative, of the atoms of the 
chemical elements, measurement of 
the, 1. 

Melting points of compounds of similar 
constitution, 465. 

Memorial Addresses—A. W. HoFMANN, 
Proc., 1893, 132. 

—— Lecture—HErmann Kopp, 779. 

Jean-Servais Sras, 1. 

Mercaptan, molecular weight of, in the 
liquid state, 1100. 

Mercury, action of chlorine on, Proc., 
1893, 38. 

Metals, easily volatile, method of ob- 
serving the spectra of, 138. 

Methenyldiparatolyltriamidotoluene, 
1405. 

Methoxyamidodimethylbenzene 
[1 : 2:4: 6] and its derivatives, 104. 

Methoxydimethylhydroxyquinaldine 
[1:2:4: 47], 108. 

Methoxyhydroxydimethylbenzene 
[1: 2:38:65], 107. 

Methoxynitrodimethylbenzene 
[1:2:4:6], 106. 

Methoxynitroxylene, 106. 

Methoxysuccinic acid, resolution of, into 
its optically active components, 217. 

Meth 1 ethyl ketone, specific volume 
and thermal expansion of, 283. 

—— isopropyl ketone, 1536. 

—— propyl ketone, molecular weight 
of, in the liquid state, 1101. 

—— — specific volume and 
thermal expansion of, 284. 

Methylallylisopropylearbinol, prepara- 
tion of, 1336. 

Methylamidobenzenes, relations b>tween 
constitution and physical ¢osiauts in 
the case of, Proc., 18938, 4. 

Methylamine, freezing puints vf aqueous 
solutions of, 149. 

— hydrate of, 148. 

Sittalienstenesinn, 1382. 

Methylbutylthiourea, secondary, 321. 

Methylchloronaphtbeurhodone, 1386. 

B-Methyl-aa’-dihydroxypyridine, 880. 

Methylglutaconic acid, 879. 

Methylhydroxyhydrolapeurhodone, 
1384 


— 


Methylic acetate, vapour pressure, 
molecular volume, and critical con- 
stants of, 1207. 

-— alcohol, depression of the freezing 
point of acetic acid by, 1023. 
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Methylic alcohol, depression of the 
freezing point uf hcuzene by, 1019. 
— deprzssion of the freezing 

point of water by, 1015. 
molecular weight of, in the 
liquid state, 1102. 
butyrate, vapour pressure, mole- 
cular volume, and critical constants 
of, 1229. ‘ 
— diacetylglycerate, active, 1421. 
inactive, 1420. 
—— 2: 3-diphenylpiazinecarboxylate, 
1307. 
—— ethylenedi-8-amidocrotonate, 
1311 


formate, molecular weight of, in the 
liquid state, 1100. 

—— ——vapour pressure, molecular 
volume, and critical constants of, 
1195. 

—— glycerate, active and inactive, 513. 

isobutyrate, vapour pressure, mole- 
cular volume, and critical constants 
of, 1234. 

—— propionate, vapour pressure, mole- 
cular volume, and critical constants 
of, 1219. 

sulphide, specific volume and 
thermal expansion of, 287. 

Methylindoxazen, nitro-, attempts to 
prepare, 1353. 

Methylisoamylthiourea, 323. 

Methylisobutylthiourea, 320. 

8-Methylisopropyl-8-lactic acid, pre- 
paration of, 1337. 

Methylisopropylphenanthramethylpi- 
azine, 1291. 

— 1: 4-dihydride, 1291. 

Methylisopropylphenanthrapiazine, 
1288. 


— 1: 4-dihydride, 1288. 

Methyllapazine, 1381. 

Methyllapeurhodone, 1383. 

Methyl-a-naphtheurhodol, 1385. 

Methylpurpuroxanthin, synthesis of, 
1142. 

Methylthiohydantoin, 819. 

Molecular complexity of liquids, 1089. 

— volume of sulphuric acid in solu- 
tion, 102. 

—— volumes of certain ethereal salts, 
1191, 1246, 1247. 

Morinda root, colouring principles of, 
1184. 

Munjistin from Rubia sikkimensis, 
1159. 

Myristone, preparation of, 458. 

Myristoneoxime, 458. 


N. 
Napelline, 443. 


1448 INDEX OF SUBJECTS. 


Naphthalene, action of nitric peroxide 
on, 1393. 

—— action of nitro-compounds on, 
1392. 

—— depression of the freezing point of 
benzene by, 1022. 

—— ortho-, para-, and peri-disulphonic 
derivatives of, Proc., 1893, 166. 

orthodibromo-, 1054. 

—— peri-derivatives of, 1054. 

—— peridibromo-, 1059. 

—— perinitrobromo-, 1057. 

Naphthalene-derivatives, production of, 
from dehydracetic acid, 329. 

1 : 2-Naphthalenedisulphonic acid, 
Proc., 1898, 168. 

1 : 4-Naphthalenedisulphonic acid, 
Proc., 1893, 168. 

1: I-Naphthalenedisulphonie acid, 
Proc., 1893. 168. 

2 : 2’ : 3’-Naphthaienetrisulphonie acid. 
Proc., 1898, 168. 

B-Naphthaquinone, reduction of, with 
hydriodic acid, 774. 

a-Naphthol, peribromo-, 1058. 

B-Naphthol, a-amido-, action of nitrous 
acid on, Proc., 1892, 218. 

a-Naphthylamine, 2: 4-dinitro-, pre: 
paration of, from its acetyl and valeryl 
derivatives, Proc., 1898, 7. 

—— peribromo-, 1057. 

perinitro-, preparation of, 1055. 

Nickel, separation of manganese from, 
1082. 

tetracarbonyl, molecular weight of, 
in the liquid state, 1099. 

Nickelous alkali sulphates, crystallo- 
graphy of, 379. 

Nitrie acid and its aqueous solutions, 
magnetic rotation of, 57, 65. 

freezing points of aqueous 
solutions of, 440. 

—— —— isolation of two predicted 
hydrates of, 436. 

—— —— products of the action of, on 
tin, 846. 

Nitro-compounds, combinations of, with 
hydrecarbons 1388. 

Nitrogen compounds, stereoisomeriem 
of, 1069. 

—— peroxide, action of, on naphthal- 
ene, 1393. 

action of, on olefines, 479. 

—— — action of, on phenanthrene, 
1393. ‘ 

—— —— molecular weight of, in: the 
liquid state, 1099. 

Nitrosyl chloride, uction of, on olefines, 
479. 

Nitrous oxide, boiling point of, at atmo- 
spheric pressure, 833, 836. 


os 


Nitrous oxide, solid, melting point of, 
836. 

Nonylone, preparation of, 455. 

Nonyloneoxime, 457. 


0. 


Octane, normal, molecular weight of, in 
the liquid state, 1099. 

Octylic glycerate, active, 1413. 

Oil, essential, of hops, Proc., 1898, 177. 

—— linseed, supposed saponification of, 
by Dutch white lead, Proc., 1893, 
122. 

—— of turpentine, French, action of 
Picric acid on, 1388. 

oxidation products of, 1327. 

Oldenlandia umbellata, colouring and 
other principles of, 1160. 

Olefines, action of nitrosyl chloride and 
of nitric peroxide on, 479. 

Optical activity, relation of the ethereal 
salts of diacetylglyceric acid to, 1419. 

Orcinol, formation of, from dehydr- 
acetic acid, 122, 

Oxalic acid, anhydrous, Proc., 1892, 
186. 

Oxulparatoluidide, tetranitro-, action of 
nitric and sulphuric acids on, 1068. 

Oxanil, trinitro-, 1066. 

Oxanilide, hexanitro-, 1063. 

— action of ammonia on, 1065. 

—— —— decomposition of, with nitric 
and sulphuric acids, 1067. 

Oxazoles, synthesis of, from benzoin 
and nitriles, 469. 

Oxygen, formation of ozone from, 938. 

Ozone, formation of, from oxyyen, 938. 


P. 


Paraldehyde, molecular weight of, in the 
liquid state, 1100. 

Pear, morphology of the levolactic 
ferment of the, 1263. 

Pentane, specific volume and thermal 
expansion of, 274. 

Pentine, specific volume and thermal 
expansion of, 277. 

Periodic table of the ele-nents, 8&2. 

Phenacyl bromide and benzylamine, in- 
teraction of, 1355. 

Phenacylben7ylamine, 1362. 

—— preparation of, 1359. 

—— salts of. 1360. 

Phenanthrapiazine 1 : 4-dihydride, 
1286. 

Phenanthraquinone, reduction and sim- 
ultaneous acetylation of, 771. 
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Phenanthraquinone, reduction of, with 
hydriodic acid, 770. 

—— reduction of, with zine and hydro- 
chloriec acid, 772. 

Phenanthrene, action of nitric peroxide 
on, 1393. 

Phenetoilsulphonic _ acids, 
change in, Proc., 1892, 214. 

m-Phenolazo-a-naphthylamine, Proc., 
1898, 127. 

Phenolphthalein, nitro-derivatives of, 
PrRoc., 1898, 14. 

Phenylacetic acid, action of phenyl- 
hydrazine on, Proc., 1892, 219. 

Phenylbutylthiourea, secondary, 322. 

Phenyldiazoimide, formation of, 256. 

—— nitration of, 257: 

Phenyldibenzylthiourea, 539. 

Phenylhydrazine, action of magnesium 
on, Proc., 1893, 80. 

— action of, on mono- and di-carb- 
oxylic acids at high temperatures, 
Proc., 1892, 219. 

— metachloro-, and its salts, 869. 

—— orthochloro-, salts of, 868. 

—— parachloro-, 872. 

Phenylhydrazines, chlorinated, 868. 

Phenylhydrazocitrazinic acid, 1042. 

Phenylisoamylthiourea, 324. 

Phenylisobutylthiourea, 320. 

Phenyloxamide, trinitro-, and its potas- 
sium derivative, 1065. 

a-Phenylnaphthylene, preparation of, 
1185. ; 

—— properties of, 1190. 

Pheny]naphthalenes,1185. 

Phenylphenylthiosemicarbazide, meta- 
chloro-, 870. 

Phenylpropionic acid, action of phenyl- 
hydrazine on, Proc., 1892, 220. 

Phenylsemicarbazide, metachloro-, 870. 

—— parachloro-, 872. " 

Phenylurazole, metachloro-, 871. 

Phosphoric anhydride, preparation of, 
free from lower oxides of phosphorus, 
473. 

Phosphorus oxychloride, molecular 
weight of, in the liquid state, 1099. 
—— trichloride, molecular weight of, in 

the liquid state, 1099. 

Phthaleins, origin of colour in, Proc., 
1898, 52. 

Physiological action of isuconitine, 451. 

Piazine-derivatives. 1284, 1293. 

—— syntheses of, 1355. 

Picric acid, combinations of, with bydro- 
carbons, 1388. 

Pinene, picric acid compound of, 1388, 

Piperazine, Proc., 1893, 35. 

Piperidine, molecular weight of, in the 
liquid state, 1101. 


isomeric 
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Platinous chloride, preparation of, 
Proc., 1898, 38. 

Potassium cobaltous sulphate, crystallo- 
graphy of, 388. 

—— copper sulphate, crystallography 
of, 396. 

dextromethoxysuccinate, 224. 

—— ferrous sulphate, crystallography 
of, 365. 

—— glycerate, active and inactive, 
303 


— hydrogen dextroethoxysuccinate, 
236 


dextromethoxysuccinate, 223. 

—— —— levomethoxysuccinate, 227. 

—— hydroxide, hydrates of, 898. 

—— magnesium sulphate, crystallo- 
graphy of, 344. 

—— nickelous sulphate, crystallography 
of, 379. 

—— zinc sulphate, crystallography of, 
356. 

Pressures, corresponding, of certain 
ethereal salts, 1244. 

Propionylaldoxime, modifications of, 
Proc., 1898, 77. 

Propionic acid, molecular weight of, in 

* the liquid state, 1103. 

—— anhydride, specific volume and 
thermal expansion of, 236. 

Propionitrile, molecular weight of, in 
the liquid state, 1104. 

Propylamine, freezing points of aqueous 
solutions of, 165. 

—— hydrates of, 167. 

Propylene, action of nitric peroxide on, 
481. 

— action of nitrosyl chloride on, 


Propylic acetate, vapour pressure, mole- 
cular volume, and critical constants of, 
1222. 

—— alcohol, depression of the freezing 
point of acetic acid by, 1024. 

—— —— depression of the freezing 
point of benzene by, 1020. 

depression of the freezing 
point of water by, 1016. 

—— —— molecular weight of, in the 
liquid state, 1102. 

—— diacetylglycerate, 1423. 

— formate, vapour pressure, mole- 
cular volume, and critical constants 


—— glycerate, inactive and active, 


Pseudocumeneazo-f-naphthol, 934. 
—— —— reduction of the acetyl deri- 
vative of, 934. 
Purpurin from Rubia sikkimensis, 
1158. 
5 F 
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Putrefaction, action of light in prevent- 
ing, 1109. 

Pyrazine, derivatives of, 1284, 1293, 
1355. 

Pyridine, depression of the freezing 
point of benzene by, 1020. 

depression of the freezing point of 
water by, 1018. 

—— molecular weight of, in the liquid 
state, 1101. 

Pyridine-derivatives, formation of, from 
unsaturated acids, 259, 874. 

Pyruvie acid, metachlorophenylbhydr- 
azone, 871. 

—— —— parachlorophenylhydrazone, 
873. 


Q. 


Quicklime, inertness of, 821. 

Quinhydrone, derivatives of, 1314. 

— dibromo-, 1325. 

—— dichloro-, 1318. 

—— dichlorodibromo-, from paradi- 
bromoquinone and paradichloroquinol, 
1327. 

—— from paradichloroquinone 

and paradibromoquinol, 1326. 

hexachloro-, 1322. 

— octochloro-, 1323. 

—— tetrabromo-, from paradibromo- 
quinone, 1326. 

—— tetrachloro-, from paradichloro- 
quinone, 1319. 

—— —— from _ metadichloroquinone, 
1321. 

Quinhydrones, monochlor-, attempts to 
prepare, 1316. 

Quinine, appearance of fluorescence in, 
Proc., 1898, 63. 

Quinoline, molecular weight of, in the 
liquid state, 1101. 

Quinoline-derivatives, appearance of 
colour in, Proc., 1893, 63. 

Quinone, halogen derivatives of, 1314. 

Quinone-derivatives, conversion of para- 
into ortho-, Proc., 1893, 13. 

Quinonoid compounds, limitation of 
colour to truly, Proc., 1893, 55. 


R. 


Refractive indices of sulphuric acid 
solutions, 99. 

—— power of ethylene oxide, 488. 

Resins from k , 985, 989. 

Rhamnose, fermentation of, with a 
levolactic ferment, 1279. 

p-Rosotoluidine, 1396. 


Rottlerin, 979. 

action of acetic anhydride on, 
980. 

— action of nitric acid on, 982. 

—— decomposition of, with fused 
alkalis, 981. 

oxidation of, by hydrogen peroxide, 
982. 

Rubia sikkimensis, colouring principles 
of, 1157. 

Rubiadin, 973. 

—— constitution of, 1137, 1141. 

Rubiadinglucoside, 969. 

—— behaviour of, towards phenyl- 
hydrazine, 1140. 

constitution of, 1137, 1140. 

Rubidium cadmium sulphate, crystallo- 
graphy of, 407. 

cobaltous sulphate, crystallography 
of, 390. 

—— copper sulphate, crystallography 
of, 400. 

—- ferrous sulphate, crystallography 
of, 367. 

—— magnesium sulphate, crystallo- 
graphy of, 347. 

—— manganous sulphate, crystallo- 
graphy of, 373. — 

nickel sulphate, crystallography 

of, 382. 

zine sulphate, crystallography of, 

359. 


8. 


Salicylamidoxime, dinitro-, 1352. 

nitro-, 1352. 

Salicylonitrile, dinitro-, 1351. 

—— nitro-, 1351. 

—— preparation and nitration of, 
1350. 

Sandmeyer’s reaction, Proc., 1892, 
199. 

Sarcolactic acid obtained by the fer- 
mentation of inactive lactic acid, 
1028. 

Silicon tetrachloride, molecular weight 
of, in the liquid state, 1099. 

Silver glycerate, 309. 

Sodium dibromortho-xylenesulphonate, 
Proc., 1892, 213. 

— glycerate, active and inactive, 


—— hydroxide, hydrates of, 890. 

—— peroxide, use of, in analysis, 
1079. 

—— sulphate, magnetic rotation of 
solutions of, 64. 

Solution, capillary separation of sub- 
stances in, Proc., 1893, 123. 


INDEX OF SUBJECTS. 


Solutions, strong, properties of, 998. 

—— the hydrate theory of, 141. 

Specific rotation of active acids, influ- 
ence of metals on, 296. 

volumes of certain paraffins and 
paraffin derivatives, 273. 

Spectra of easily volatile metals, method 
of observing, 138. 

Starch of leaves, 04. 

——- of the leaf, estimation of, 622. 

—— products of the transformation of, 
by leaf-diastase, 634. 

——- soluble, action of leaf-diastase on, 
651. 

Stas Memorial Lecture, 1. 

Stereoisomerism of nitrogen compounds, 
.069. 

Sterilisation of urine by light, cause of, 
1119. 

Stibiotantalite, 1076. 

Strontium glycerate, active and inactive, 


Structure, change of colour as indicative 
of change of, Proc., 1893, 55. 

—— optical properties as indicative of, 
Proc., 1893, 57. 

Sugars of the leaf, 659. 

Sulphocamphylic acid, Proc., 1893, 
109. 


Sulphonic chlorides, action of heat on, 
Proc., 1893, 130. 

Sulphur chloride, molecular weight of, 
in the liquid state, 1099. 

—— estimation of, in minerals by aid 
of sodium peroxide, 1080. 

Sulphuric acid and its aqueous solutions, 
magnetic rotation of, 57, 59. 

— — carbonic acid, calcium, and 
magnesium, distribution of acids and 
bases in a solution containing, 696. 

—- —— depression of the freezing 
point of acetic acid by, 1026. 

—— —— molecular volume of, in solu- 
tion, 102. 

—— ——- refractive indices and mag- 
netic rotations of solutions of, 99. 

Sulphurous anhydride, conditions of the 
absorption of, by calcium oxide, 829. 

Sulphuryl chloride, molecular weight of, 
in the liquid state, 1099. 


T. 


Tartaric acid, molecular volumes and 
molecular rotations of ethereal salts 
of, 527. 

—— —— oxidation of, in presence of 
iron, Proc., 1893, 113. 

Temperatures, critical, new method of 
calculating, 1107. 
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Teracrylic acid, constitution of, 1330. 

Terpenes, Proc., 1893, 163. 

—— and allied compounds, 75. 

Terpenylic acid, constitution of, 1338. 

—— —— reduction of, 1343, 

Terpinene, oxidation of, 294. 

Terpinol, oxidation of, 1329. 

Terpinolene, oxidation of, 295. 

Terpylonic acid, 1329. 

Tetramethoxyphenyldipiazine, 1304. 

Tetramethyldihydroxyheptamethylene, 
117. 

Tetraphenyldipiazine, 1299. 

Tetraphenylenefurfuran, 772. 

Thallium, method of obtaining a per- 
sistent spectrum of, 139. 

Theine and caffeine, identity of, 195. 

Thermal expansion of certain paraffins 
and paraftin derivatives, 273. 

of liquids, determination of, 


262. 

Thionyl bromide, PRoc., 1893, 10. 

chloride, molecular weight of, in 
the liquid state, 1099. 

Thiourea, action of a-bromopropionic 
acid on, 818. 

— action of dichloracetic acid on, 
816. 

— action of trichloracetic acid on, 
818. 

—— and some haloid derivatives of fatty 
acids, action between, 815. 

Thioureas, substituted, desulphurisation 
of, 318. 

Tin, products of the action of nitric 
acid on, 845. 

o-Tolueneazo-8-naphthol, reduction of 
the acetyl-derivatives of, 929. 

p-Tolueneazo-8-naphthol, reduction of 
the acetyl-derivatives of, 925. 

o-Toluic acid, action of phenylhydrazine 
on, Proc., 1892, 220. 

p-Toluidine, oxidation of, 1395. 

Toluquinonediparatolylimide, 1409. 

Toluquinoneditolylimide, amido-, 1397, 
1400, 1406. 

Toluquinoneparatolylimide, amido-, 
1401. 

Tribenzylamine, preparation of, 1311. 

Triethylamine, freezing points of aqueous 
solutions of, 162. 

drate of, 162. 

Trimethylamine, freezing point of 
aqueous solutions of, 152. 

—— hydrates of, 154. 

Trimethylcarbinol, specific volume and 
thermal expansion of, 278. 

Trimethylethylene, action of nitrosyl 
chloride on, 482. 

Trimethylmethane, specific volume and 
thermal expansion of, 276. 
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Triphenyloxazole, 474. 

Triparatoluylenetriamine, 1395. 

Tropeolum majus, sugars of, 661. 

Turpentine, oil of, French, action of 
picric acid on, 1388. 

—— oxidation of, 1327. 


U. 


Urine, action of light on, 1112. 
cause of the sterilisation of, by light, 
1119. 

—— conditions which favour the form- 
ation of hydrogen peroxide in, 1115. 
formation of hydrogen peroxide 

in urine exposed to light, 1110. 


Vv. 


Valeric acid, active, preparation of, from 
fusel oil, 1130. 

—— —— molecular weight of, in the 
liquid state, 1103. 

Valeronaphthalide, Proc., 1898, 8. 

— dinitro-, Proc., 1893, 9. 

Vapour pressures of certain ethereal 
salts, 1191. 


W. 


Water, depression of the freezing point 
of acetic acid by, 1026, 

-~— depression of the freezing point 
of, by dissolved substances, 1015. 

miluence of, in promoting chem- 


ical action, Proc., 1893, 129. 
—— molecular weight of, in the liquid 
state, 1105, 


INDEX OF SUBJECTS. 


Waters, mineral, composition of, 696. 

—— —— of Askern, in Yorkshire, 
685. 

Wax from chay root, 1166. 

from kamala, 987. 

White lead, Dutch, supposed saponifi- 
cation of linseed oil by, Proc., 1893, 
122. 

Wong koudu, colouring principles of, 
1184. 


X. 


Xanthophene, Proc., 1892, 192. 

o-Xylenesulphonic acids, isomeric 
change in, Proc., 1892, 213. 

m-Xylenol, bromo-, 110. 

—— nitro-, 105. 

m-Xylenolsulphonic acid, 110. 

p-Xylic acid, 90. 

Xylidinic acid, 92. 

Xylocatechol, 108. 

Xylocatechylic monomethylic ether, 107. 


Z. 


Zine alkali sulphates, crystallography 
of, 356. 

—— ammonium lactate, inactive, 1154. 
lactates, active, composition 
and properties of, 1151. 

-~ conversion of, into 
zine lactates, 1153. 

glycerates, active and inactive, 


oa separation of manganese from, 
1082. 


ERRATA. 


Vout. LXI (Trans., 1892). 


Page Line 

944 6, for “ Jacquelin ” read ‘ Jacquelain.” 

948 2 ,, “imodosulphonate ” read “ imidosulphonate.” 

950 25 ,, “ that Rose’s analysis of parasulphatammon was incorrect” read 
“the strange erroneousness of Rose’s analysis of parasulphat- 
ammon.” 

950 27 ~«,, “He found” read “ He had found.” 

954 18 ,, “salts” read “salt.” 

958 23) =, “17°17” read “17°77.” 

961 17. ,, “one third” read “ one third ammonium.” 

973 24 , “ec” read “bd,” 

983 6 ,, “but it is thrown down if it is” read “but this is deposited if 
the acid is.” 

984 8 ,, “losing” read “only losing.” 

987 6* ,, “(S8;0Na).” read “ (SO;Na)>.” 

Vout. LXIIT (T'rans., 1893). 

157 top ,, “Freezing Points of Ethylamines” read “ Freezing Points of 
Aqueous Solutions of Ethylamines.” 

157 2 ,, “ofamine” read “ percentage molecules of amine.” 

280 1 ,, “CH;-C(OH)-CH,-CH;” read “‘ C(CH;).(0OH)-CH.CH;.” 

474 9* ,, “114 cc.” read “11°4°.” 

1129 7 col. 5, for “10” read “ 10°0.” 
1129 8 4 yy “0875” read “3°75.” 
1283 10 » “anaérobic” read “ aérobic.” 


* From bottom. 
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